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The Clean Coal Technology Demonstration
Program

that can produce electricity and other commodities, ¥  world Energy Consumption by Fuel Type, 1996 and
Introduction such as steam and synthetic gas, and provide the ~ 2020.
efficiencies and environmental performance responsij;e

The Clean Coal Technology Demonstration Pro- t0 global climate change concerns. The CCT Progra

1996 — 376 Quads

gram (CCT Program), a model of government and took a pollution prevention approach as well, demon- Hydro & Other

! . . . Renewables 8%
industry cooperation, responds to the Department of Strating technologies that remove pollutants or their Nuclear 6%
Energy’s (DOE) mission to foster a secure and reliablBrecursors from coal-based fuels before combustion. —_—

energy system that is environmentally and economicat-astly, new technologies were introduced into the
ly sustainable. The CCT Program represents an invediajor coal-using industries, such as steel production,| to
ment of over $5.6 billion in advanced coal-based enhance environmental performance. Thanks in part to
technology, with industry and state governments pro- the CCT Program, coal—abundant, secure, and eco- Coal 25%
viding an unprecedented 66 percent of the funding. nomical—can continue in its role as a key component
With 23 of the 40 active projects having completed N the U.S. and world energy markets.

——X
) —
| —
) —
 —
| —
| —
\ —
——7
—7
—
7

Petroleum 39%  SRAERUEN Gas 22%

operations, the CCT Program has vyielded clean coal ~ The CCT Program also has global importance in
technologies (CCTs) that are capable of meeting providing clean, efficient coal-based technology to a
existing and emerging environmental regulations and Purgeoning energy market in developing countries, 2020 — 612 Quads
competing in a deregulated electric power marketplad@rgely dependent on coal. World energy consumptign
The CCT Program is providing a portfolio of is expected to increase 63 percent by 2020, with almpst Hydro & Other
technologies that will assure the U.S. recoverable codl@lf of the energy increment occurring in developing fenewables % Nuclear 4%

reserves of 274 billion tons can continue to supply thé‘Sia (including China and India). By 2020, energy
nation’s energy needs economically and in an envirorRonsumption in developing Asia is projected to surpass
mentally sound manner. As the new millennium ap- consumption in North America. The energy form
proaches, many of the clean coal technologies have contributing most to the growth is electricity, as devel
realized commercial application. Industry stands read@Ping Asia establishes its energy infrastructure. Coal, Coal 23%
to respond to the energy and environmental demandsdf¥ Predominant indigenous fuel, will be the fuel of
the 21st century, both domestically and internationallyghoice in electricity production. CCTs offer a means {o
For existing power plants, there are cost effective mitigate potential environmental problems associated

environmental control devices to control sulfur dioxid&Vith unprecedented energy growth and to enhance the
(SO), nitrogen oxides (NQ, and particulate matter ~ U-S. economy through equipment sales and engineer-  Source: IE099, Tables Al and A2.
2/ X7

(PM). Also ready are a new generation of technologid3d Services.
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(3) coal processing for clean fuels to convert the

nation’s vast coal resources to clean fuels, and (4)

industrial applications dependent upon coal use.
In response to the initial thrust of the program,

Evolution of the Coal
Technology Portfolio

The CCT Program has been implemented throu ) .
. . g . . _p . gt at address S@nd NQ control for coal-fired boilers.
a series of five nationwide competitive solicitations. X . .
The resultant technologies provide a suite of cost-

The first solicitation was directed towards demonstrat- ) . .
. . . L effective control options for the full range of boiler
ing the feasibility of future commercial application of . . .
. types. The 19 environmental control device projects
clean coal technology, which would balance the goals - .
. L . are valued at more than $704 million. These include
of expanding coal use and minimizing environmental
impact. The next two solicitations sought technologie
that could mitigate the potential impacts of acid rain
from existing coal-fired power plants in response to the . .
. . . . MWe, of capacity and seven combined S
recommendations of the Special Envoys on Acid Rain. pactty X
The fourth and fifth solicitations addressed the post-
2000 energy supply and demand situation witt) SO

emissions capped under the CAAA, increased need fgr

an 1,750 MWe of utility generating capacity, five

than 665 MWe of capacity.
To respond to load growth as well as growing

electric power, and the need to alleviate concerns over
global climate change—a situation

™ 1 1 1 ! 1 1 1
requiring technologies with very Y The SNOX™ demonstration at Ohio Edison’s Niles Station Unit No. 2

achieved SQremoval efficiencies exceeding 95% and K€duction

high efficiencies and extremely low effectiveness averaging 94%. Ohio Edison is retaining the SNO
as part of its environmental control system.

emissions.

CCT Program demonstrations
provide a portfolio of technologies
that will enable coal to continue to
provide low-cost, secure energy vital
to the nation’s economy while
satisfying energy and environmental | &‘ |
goals well into the 21st century. This 2 - o i "
is being carried out by addressing f "
four basic market sectors: (1) en- e -:":": :
vironmental control devices for
existing and new power plants, (2)
advanced electric power generation
for repowering existing facilities and
providing new generating capacity,

N
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of advanced electric power generation options for both
repowering and new power generation. These ad-
vanced options offer greater than 20 percent reductions
in greenhouse gas emissions;, S0, and PM

perations have been completed for 17 of 19 projectsemissions far below New Source Performance Stan-

dards (NSPS); and salable solid and liquid by-products
in lieu of solid wastes. Over 1,800 MWe of capacity

are represented by 11 projects valued at more than $3.1
billion. These projects include five fluidized-bed
combustion (FBC) systems, four integrated gasification

seven NQemission control systems installed on morecombined-cycle (IGCC) systems, and two advanced
t

combustion/heat engine systems. These projects will

SO, emissions systems installed on approximately 77@ot only provide environmentally sound electric

generation now, but also will provide the demonstrated

emission control systems installed or planned on moréechnology base necessary to meet new capacity

requirements in the 21st century.
Also addressed are approaches to converting raw,

nvironmental concerns, the program provides a rangain-of-mine coals to high-energy-density, low-sulfur

products. These products have application domestically
for compliance with the Clean Air Act Amendments of
1990 (CAAA). Internationally, both the products and

™
X tecmo'°%¥ocesses have excellent market potential. Valued at

more than $519 million, the five projects in the coal
processing for clean fuels category represent a diversi-
fied portfolio of technologies. Three projects involve
the production of high-energy-density solid fuels, one
of which also produces a liquid product equivalent to
No. 6 fuel oil. A fourth project is demonstrating a new
methanol production process. A fifth effort comple-
ments the process demonstrations by providing an
expert computer software system that enables a utility
to assess the environmental, operational, and cost
impact of utilizing coals not previously burned at a
facility, including upgraded coals and coal blends.
Projects were undertaken to address pollution
problems associated with coal use in the industrial



sector. These problems included dependence of the

steel industry on coke and the inherent pollutant Prog ram StatUS

emissions in coke-making; reliance of the cement

industry on low-cost indigenous, and often high-sulfur,  The ccT Program has extended the technical,
coal fuels; and the need for many industrial boiler  economic, and environmental performance envelope o
operators to consider switching to coal fuels to reducg, prpad portfolio of advanced coal technologies. As 8
operating costs. The five industrial applications March 31, 1999, a total of 23 CCT demonstration .
projects have a combined value of nearly $1.3 billion.prgjects have completed operation, 9 are in operatio 3
Projects encompass substitution of coal for 40 percent projects are in construction, and 6 are in design.

of coke in iron-making, integration of a directiron-  Exnibit 1 shows thaumber of projects having com-

making process with the production of electricity, pleted operations by application category. Exhibit 2

reduction of cement kiln emissions and solid waste provides a schedule for the 40 projects as of A NO, emissions at Georgia Power’s Plant Hammond
generation, and demonstrations of an industrial-scaleparch 31, 1999. were reduced by 63 percent with Foster Wheeler's low-NO

. burners, shown here, and advanced overfire air.
slagging combustor and a pulse combustor system.

Exhibit 1
Completed Projects by Application Category

Number of Projects

Application Category Completed Total
Operations

Environmental Control Devices

SO, Control Technology 5 5
NO, Control Technology 6 7 | .-
Combined SQNO, Control Technology

Advanced Electric Power Generation

Fluidized-Bed Combustion 2 5
Integrated Gasification Combined Cycle 0 4

Advanced Combustion/Heat Engines

Coal Processing for Clean Fuels 2 5
Industrial Applications 2 5 L bl 5
Total 23 40 A Golden Valley Electric Association is adding capacity to its 25 MWe Healy

Unit No. 1 with a 50-MWe slagging combustor unit using 65 percent waste coal.

Project Fact Sheets 3



Program Accomplishments

Some of the accomplishments of the CCT Program
to date are summarized below.

» The Clean Coal Technology (CCT) Program

enabled the utility industry to respond cost
effectively to the first wave of NCrontrol
requirements using low-N®urners) and has
positioned the utility industry to respond to NO
control requirements in the 2tentury. The
CCT Program also provided valuable input to
the regulatory process by furnishing real-time
NO, control data. To date, over one-third of
the coal-fired generating capacity in the United
States has low-N(burners, worth a value
exceeding $1.5 billion.

The CCT Program has also provided a portfolio
of SQ, control technologies that enable utilities
to respond cost effectively to year 2000 CAAA
requirements. Technologies are available for
the full range of units from old space-con-
strained boilers to relatively-new large boilers.
The two advanced wet flue gas desulfurization
technologies demonstrated under the CCT
Program redefined the state-of-the-art for
sorbent-based scrubbers by: (1) halving
operating costs and significantly reducing
capital costs; (2) producing by-products instead
of waste; and (3) mitigating plant efficiency
loses by using high-capture-efficiency devices.

The CCT Program was instrumental in com-
mercializing atmospheric circulating fluidized-
bed combustion (ACFB) technology through
the Tri-State Generation and Transmission

Project Fact Sheets

Association, Inc. project in Nucla, Colorado.
An industry consortium joined with DOE to
fully evaluate the potential of the technology
for utility application. The results and the
attendant comprehensive database served to
establish ACFB as a commercial offering, with
an estimated 9.5 gigawatts of capacity installa-
tion worldwide.

Pressurized Fluidized-bed Combustion (PFBC)
technology is also beginning to make market
penetration as a result of work performed at
The Ohio Power Company'’s Tidd Plant. The
CCT Program demonstration and associated
development work have resulted in several
commercial sales, including a 360 MW unit in
Japan and a 220 MW unit in Germany. The
technology represents a new generation of
advanced power systems, with efficiencies far
higher than conventional coal-fired systems and
pollutant emissions far below new source
performance standards, without the need of
add-on emission controls. The work at Tidd
also provided the basis for second generation
PFBC demonstrations to be conducted in
Lakeland, Florida.

Four IGCC demonstration projects, represent-
ing a diversity of gasifier types and cleanup
systems, are pioneering the introduction of a
new approach to power generation. Two of the
technologies are currently operating in a
commercial dispatch mode, providing valuable
performance data. The units are attracting
worldwide interest because of their potential to
significantly improve efficiency, reduce
pollutant emissions, and serve as building
blocks for even more advanced systems.

ENCOAL has completed the successful
demonstration of a coal processing technology
that produces a high-energy-density solid fuel
and a liquid product from low-rank coal. The
solid fuel is low enough in sulfur to be consid-
ered a compliance fuel, i.e., capable of meeting
CAAA standards for 2000. Also, the solid
product has demonstrated combustion charac-
teristics that enable reduced Némissions.

The liquid product has most potential as a
chemical feedstock and can be used as a low-
sulfur boiler fuel.

The Liquid Phase Methanol process
(LPMEOH™) at the Eastman Chemical Com-
pany in Kingsport, Tennessee is demonstrating
a cost effective means of coproducing electric-
ity and methanol. Continued stable production
of methanol at or beyond design rates from
high-sulfur bituminous coal suggests that IGCC
with LPMEOH™ offers a very clean, highly
efficient means of using high-sulfur coal in
chemical and electricity production.

Demonstration of granular-coal injection at
Bethlehem Steel’s Burns Harbor blast furnace
operations is proving that coal can replace up to
40 percent of the coke requirement in
ironmaking. This has significant environmental
and cost ramifications because of the magnitude
and extent of pollutant emissions from coke
production. Emissions from granular-coal
injection are controlled in the blast furnace.



Exhibit 2
Project Schedules and Funding by Application Category

Calendar [86 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006| DOE  Total
Year ($1,000)

Tri-State--Nuch Advanced Electric Power Generation 17,130 46,519
Ohio Power 66,957 189,886
Wabash River . ] 219,100 438,20
Sierra Pacific . ] 167,957 335,91
AIDEA [ 117,327 242,056
ADL--Coal Diesel e 23,818 47,639
JEA [ T —— 74,734 309,099
Clean Energy [ T |00 8409

Mclintosh 4B 109,609 219,631
ABB CE & CQInc. -- CQE _ Coal Processing for Clean Fuels 10,864 21,744
Rosebud SynCoal [ 43125 105700
ENCOAL [ . 532 90,664
Custom Coals | &\\\\\\\\\\\\\\ Schedule being revised 37,994 87,384
Air Products -- LPMEOH | 92,708 213,700
Coal Tech Industrial Applications 490 984

Passamaquoddy I:_ 5,983 17,800
Bethlehem Steel w0 a820 104,307
CPICOR | 149,469 1,065,801

I:l - Preaward - - Design and Construction - - Operation and Reporting (1) - completion scheduled for July 2007

4

Project Fact Sheets




Exhibit 2 (continued)
Project Schedules and Funding by Application Category

Calendar |86 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006| DOE Total
Year [3412341234123412341234123412341234123412341234123412341234123412341234123412341234 ($1,000)

B&W--LIMB Environmental Control Devices 7,597 19,405

SCS--Wall-Fired 6,554 15,854

EER--GR/SI 18,748 37,589

SCS--Tangentially Fired 4,440 9,153

Bechtel -- CZD 5,206 10,417

B&W--Coal Reburning 6,341 13,647

B&W--LNCB 5,443 11,233
ABB ES--SNOX 15,719 31,439
B&W--SNRB 6,078 13,272

Pure Air on the Lake 63,913 151,709

LIFAC 10,637 21,394

PSC of Colorado 13,706 27,411

AirPol -- GSA 2,315 7,717
EER--GR-LNB 8,896 17,807
SCS--CT-121 21,085 43,074
SCS--SCR 9,407 23,230

NYSEG -- Milliken 45,000 158,609

NYSEG -- Micronized 2,701 9,096

NOXSO Corporation Schedule being revised 41,406 82,817

I:l - Preaward - - Design and Construction -

- Operation and Reporting

Project Fact Sheets 5



lation impacted by the CAAA. There is a tremendous

TeChnC)logy OverVieW range in critical factors, e.g., size, type, age, and spa -‘&x \
availability. " :
On one end of the spectrum are the smaller, olde ek b
Environmental Control Devices boilers with limited space for adding equipment. For ¥ N
these, sorbent injection techniques hold promise. E -&3

Environmental control devices are those teChnOIOSorbent is injected into the boiler or the ductwork, an

gies retrofitted to existing facilities or installed on NeW, ' midification is incorporated in some fashion to

faC|.I|t|<.as for the purpose_ of controlling §®_r?d NG properly condition the flue gas for efficient S€ap-
emissions. Although boilers may be modified and . : .
ture. Equipment size and complexity are held to a

combustion affected, the basic boiler configuration anrdn.

] ) ] ] inimum to keep capital costs and space requireme
function remains unchanged with these technologies. . . . . .
R low. Both limestone and lime sorbents are used. Limg  Unique CT-121 SQOscrubber at Plant Yates combined a
SO, Control Technology. Sulfur dioxide is an

, : , _ _ . stone costs are about one-third that of hydrated lime; Number of functions and eliminated process steps.
acid gas formed during coal combustion, which oxidiz;

the | . it i q icall but, limestone must be conditioned (calcined), and
esthe morga_nlc, pyniic sutiur (E‘é) and organically even then, itis less effective in 3€pture (under
bound sulfur in the coal. Identified as a precursor to

) ) ) o simple sorbent injection conditions) than hydrated
formation of acid rain, SQwas targeted in Title IV of i Where li i . d.itis iniected in th
the CAAA. Phase | of Title IV. effective in 1995 l:l)m(la eredlmes 0|n§ 1S usgd, ' 'T]fnjhec edm .e SOFor these boilers, advanced flue gas desulfurization

' ' oiler to produce calcium oxide, which reacts wit - ;
affected 261 coal-fired units nationwide. The required P " SO(AFGD) wet scrubbers, with higher capital cost, but

to form solid compounds of calcium sulfite and calci- -
SO, reduction was moderate and largely met by switch- P higher sulfur capture efficiency than other approaches,

um sulfate. Both limestone and lime injection require .
ing to low-sulfur fuels. In year 2000, Phase Il of Title oresence of water (humidification) Jand 3 cal?:ium become cost effective. These systems apply larger and
IV will come into effect, impacting all fossil-fuel-fired somewhat more complex reactors that drive up the

to-sulfur (Ca/S) molar ratio of about 2.0 for sulfur : ol
units, but most of all, the approximately 900 pre-NSPS ( ) capital cost. However, the sorbent is limestone ang SO
removal efficiencies greater than 90 percent are

) ] ) ) Capture efficiencies of 50 to 70 percent.
coal-fired units. Under the stricter Phase Il require-
achieved at a Ca/S molar ratio of about 1.0, making

) i by fuel switch | ) ke In the mid-range of the spectrum are 100 to 300
ments, compliance by fuel switching alone is unlikely. .
MWe bailers less than 30 years old and somewhat operating costs significantly lower than those of the
other two approaches. Furthermore, although the initial

The CAAA provides utilities flexibility in control . . .

) ’ . . space constrained. For many of these, an increase in
strategies through S@llowance trading. This permits higher equipment cost is justified by enhanced perfor-
arange of control options to be applied by a utility, Smance. The approach involves introduction of a reactAFGD salid by-product s in slurry form, it is dewa-
well as allowance purchasing. Recognizing this, the ' f¥red to produce gypsum—a salable product.

vessel in the flue gas stream to create conditions to A
CCT Program has sought to provide a portfolio of SOenhance SCxa tu?e beyond that achievable with the Under the CCT Program, two sorbent injection
control technologies. ol % Ft) oot y . L q systems, one spray dryer, and two AFGD processes
Sulfur dioxide control devices embody those simpler sorbent injection systems. Lime, as opposed {ge,¢ successfully demonstrated. All have completed

limestone, is used and sulfur capture efficiencies up tQ_ .. o : . et
technologies that condition and act upon the flue gas 90 percent can be achioved at apCa/S olar ratio oF; festing. Exhibit 3 briefly summarizes the characteristics
P ) o LRd performance of the technologies that are described
to 2.0. This category of control device is called a SPraY, more detail in the project fact sheets

for the purpose of remo?"”g orTIy §FIhree .baS|c dryer (because the solid by-product from the reaction
approaches evolved, driven primarily by different is dry)

conditions that exist within the pre-NSPS boiler popu-

At the other end of the spectrum are the larger
(300 MWe and more) boilers with some latitude in
space availability, as well as new capacity additions.

resulting from combustion, not the combustion itself,

Project Fact Sheets 7



Exhibit 3
CCT Program SO , Control Technology Characteristics
Coal Sulfur SO, Fact

Project Process Content Reduction Sheet
Confined Zone Dispersion Flue Gas Sorbent injection—in-duct lime sorbent injection and humidification 1.5-2.5% 50% 32
Desulfurization Demonstration
LIFAC Sorbent Injection Desulfurization Sorbent injection—furnace sorbent injection (limestone) with vertical 2.0-2.9% 70% 36
Demonstration Project humidification vessel and sorbent recycle
10-MWe Demonstration of Gas Suspension Spray dryer—vertical, single-nozzle reactor with integrated sorbent 2.7-3.5% 60-90% 28
Absorption particulate recycle (lime sorbent)
Advanced Flue Gas Desulfurization AFGD—co-current flow, integrated quench absorber tower and reaction 2.25-4.7% 94% 40
Demonstration Project tank with combined agitation/oxidation (gypsum by-product)
Demonstration of Innovative Applications AFGD—forced flue gas injection into reaction tank (Jet Bubbling 1.2-3% 90+% 44
of Technology for the CT-121 FGD Process Redgtimr combined SQand particulate capture (gypsum by-product)

Y This side view of Pure Air's advanced flue gas desulfurization absorber module Y  This view shows the sorbent (top) and water (bottom) inlet connections to the Pure
shows air inlet ducts and sorbent injection piping. Air absorber module.

8 Project Fact Sheets



NO, Control Technology. Nitrogen oxides (NQ) 169 wall- and tangentially-fired coal units to reduce ol
are formed from oxidation of nitrogen contained withiremissions to 0.50 and 0.45 Ib#Rtu, respectively. In Wi R

the coal (fuel-bound N and oxidation of the nitro- 2000, Phase Il of Title IV will come into effect,

gen in the air at high temperatures of combustion impacting all fossil-fueled units, but most of all, the
(thermal NQ). Rapid formation of NQat the flame balance of the pre-NSPS coal-fired units (see
front can occur; but usually, this reaction of hydrocar-Exhibit 4). Ozone nonattainment prompted the U.S. L i
bon fragments with atmospheric nitrogen represents &nvironmental Protection Agency (EPA) to issue a '

small fraction of total NQemissions. To control fuel- NO, transport State Implementation Plan (SIP) call fo __’_——I— L

bound NQ formation, it is important to limit oxygen at 22 states and the District of Columbia to cut NO
the early stages of combustion. To control thermal- emissions 85 percent below 1990 rates or achieve a S or
NO,, it is important to limit peak temperatures. 0.15 Ib/16 Btu emission rate by May 2003. =
Nitrogen oxides were identified both as a precur- The CCT Program has sought to provide a o —
sor to acid rain (targeted under Title IV of the CAAA) number of NQ control options to cover the range of
and as a contributor to ozone formation (targeted undawiler types and emission reduction requirements.
Title ). Phase I of Title IV, effective in 1995, required  Control of NQ emissions can be accomplished b
either modifying the combustion
process or acting upon the products

,——"_--- ; -

oncentric Firing System (LNCFS™) is shown being

reduction (SCR) and selective

_ control systems. These systems can handle the
and hot spots conducive to fuel-bount,;merous parameters and optimize performance to

NO, and thermal NQformation. reduce NQwhile enhancing boiler performance.
LNBs alone typically can achieve 40

to 50 percent NOreduction.

Source: Environmental Protection Agency, Nitrogen Oxides Emission Reductipn
Program, Final Rule for Phase I, Group 1 and Group 2 Boilers (downloaded frpm
http://www.epa.gov/docs/acidrain/noxfs3.html).

Project Fact Sheets

A portion of ABB Combustion Engineering’s Low-NO

Exhibit 4 combustion (or combinations thereof) installed on a tangentially-fired boiler.
Group | and 2 BOl|er. St.atlSth.:S . Qompustion modification technolo- AOFA involves injection of air above the primary
and Phase Il NO . Emission Limits gies include IOV\{—NQ.burners (LNBS), combustion zone to allow the primary combustion to
advanged overfire air (AOFA_)’ and  ceur without the amount of oxygen needed for
Phasell reburning processes using either gas ¢omplete combustion. This oxygen deficiency miti-
Boler Tvnes BNofl.e?sf It':l/(1)5 Esn;?jmn Limits or coal. If’rocesses usgd to act upon gates fuel-bound NGormation. AOFA injected at
yp ( ) flue gas include selective catalytic

high velocity creates turbulent mixing to complete the
combustion in a gradual fashion at lower temperatures

Group 1 . .

Tangentially-fired 299 0.40 noncatalytic reduction (SNCR). to mitigate thermal NQformation. Usually, AOFA is

5 gb " Y fired 208 646 LNBs regulate the initial fuel-air - seq in combination with LNBs: but alone, AOFA can

G:::u:;m’ wal-e ' mixture, veloc?ties, and turbulence 10 gchieve 10 to 25 percent Nemission reductions.
create a fuel-rich flame core and The LNB/AOFA systems generally can achieve NO

Cell burner 36 0.68 control the rate at which additional air g nission reductions of 60 to 67 percent.

Cyclone >155 Mwe 55 0.86 required to complete combustion is Advanced control systems using artificial intelli-

Wet-bottom, wall-fired >65 MWe 26 0.84 mixed. This staging of combustion  gence are also becoming an integral part of NO

Vertically fired 28 0.80 avoids a highly oxidized environment "
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Exhibit 5
CCT Program NO Control Technology Characteristics
Boiler Size/ NO | Fact
Project Process Type Reduction Sheet
Demonstration of Coal Reburning for Cyclone Coal reburning—30% heat input 100-MWe/cyclone 52-62% 52
Boiler NO, Control
Evaluation of Gas Reburning and Low-N®urners LNB/gas reburning/AOFA—13-18% gas heat input 172-MWe/wall 37-65% 60
on a Wall-Fired Boiler
Micronized Coal Reburning Demonstration Coal reburning—30% heat input 148-MWe/tangential 50-60% (goal) 50
for NO, Control 50-MWe/cyclone
Full-Scale Demonstration of Low-N@ell Burner LNB—separation of coal and air ports on plug-in unit 605-MWe/cell burner 48-58% 56
Retrofit
Demonstration of Advanced Combustion Techniques LNB/AOFA—advanced LNB with separated AOFA 500-MWe/wall 68% 72
for a Wall-Fired Boiler and artificial intelligence controls
180 MWe Demonstration of Advanced Tangentially- LNB/AOFA—advanced LNB with close-coupled 180-MWe/tangential 37-45% 68
Fired Combustion Techniques for the Reduction of NOand separated overfire air
Emissions from Coal-Fired Boilers
Demonstration of Selective Catalytic Reduction SCR—eight catalysts with different shapes and 8.7-MWel/various 80% 64
Technology for the Control of NEmissions chemical compositions
from High-Sulfur, Coal-Fired Boilers

In reburning, a percentage of the fuel input to the SCR and SNCR can be used alone or in combinaand the remaining project is in the operations phase.
boiler is diverted to injection ports above the primary tion with combustion modification. These processes Exhibit 5 briefly summarizes the characteristics and
combustion zone. Either gas or coal is typically used ase ammonia or urea in a reducing reaction with) NO performance of the technologies that are described in
the reburning fuel to provide 10 to 30 percent of the to form elemental nitrogen and water. SNCR can onlymore detail in the project fact sheets.
heat input to the boiler. The reburning fuel is injected be used at high temperatures (1,600 to 2,200 °F) where Combined SQ/NO, Control Technology.

to create a fuel-rich zone deficient in oxygen (a a catalyst is not needed. SCR is typically applied at Combined SGNO, control systems encompass those
reducing rather than oxidizing zone). Néhtering this  temperatures between 600 to 800 °F. Generally, SNGBchnologies that combine previously described control
zone is stripped of oxygen, resulting in elemental and SCR systems alone can achieve &l@ission methods and those that apply other, synergistic
nitrogen. Combustion is completed in a burnout zone reductions of 30 to 50 percent and 80 to 90+ percenttechniques. Three of the projects combine either LNBs
where air is injected by an AOFA system. Reburning respectively. or gas reburning with sorbent injection. In one of these,
has application to all boiler types, including cyclone Under the CCT Program, seven Nentrol SNCR is used with LNBs to enhance performance.
boilers, and can achieve N@mission reductions of 50 technologies were assessed encompassing LNBs,  Another project combines a number of techniques to
to 67 percent. AOFA, reburning, SNCR, SCR, and combinations  improve overall system performance, such as LNBs

thereof. Six of the projects have completed operationsith SNCR, unique space-saving and durable wet-
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scrubber design, sorbent additive, and artificial
intelligence controls. The balance of the seven projed
use synergistic methods not previously described.
SO-NO -Rox Box™ incorporates an SCR
catalyst in a high-temperature filter bag for NO
control and applies sorbent injection for S0Ontrol.
The high-temperature filter bag, operated in a standafd
pulsed-jet baghouse, protects the SCR catalyst, allo
operation at optimal N(rontrol temperatures, forms a
sorbent cake on the surface to enhancgca@ture,
and provides high-efficiency particulate capture.
SNOX™ uses SCR followed by catalytic oxida-
tion of SQ to SQ, with condensation of the S@ the
presence of water to produce sulfuric acid. Following
the SCR with the catalytic oxidation allows the SCR t(k New York State Electric & Gas Corporation’s Milliken Station is hosting the demonstration of a combination of unique
operate at optimal ammonia concentration without SO, and NQ control technologies.
worry of ammonia slip (ammonia passing to the second
catalyst is broken down into water vapor, nitrogen, and
a small amount of N. Furthermore, most particu-
lates passing through the upstream baghouse are
captured in the sulfuric acid condensing unit. The
system produces no solid waste.
NOXSO uses a single, regenerable adsorber
(spherical alumina beads impregnated with sodium
carbonate) to capture both Séhd NQ. The adsorber
is used in a fluidized bed to achieve effective mixing
with the flue gas. The adsorber is then processed
through a regenerator system to release thedi@
SO, before return to the fluidized bed. The flue gas
passes through a baghouse to remove particulates.
Six of the seven combined VO, control
technology projects have completed operations and
one is in the project definition and design phase.
Exhibit 6 briefly summarizes the characteristics and
performance of the technologies that are described in
more detail in the project fact sheets.
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Exhibit 6
CCT Program Combined SO ,/NO, Control Technology Characteristics
Coal Sulfur SO ,/NO, Fact
Project Process Content Reduction Sheet
LIMB Demonstration Project Extension and LNB/sorbent injection—furnace and duct injection, calcium-based 1.6-3.8% 60-70%/40-50% 84
Coolside Demonstration sorbents
Integrated Dry NQJSO, Emissions LNB/SNCR/sorbent injection—calcium- and sodium-based 0.4% 70%/62—-80% 100
Control System sorbents used in duct injection
Enhancing the Use of Coals by Gas Reburning Gas reburning/sorbent injection—calcium-based sorbents used in 3.0% 50-60%/67% D6
and Sorbent Injection duct injection
Milliken Clean Coal Technology Demonstration LNB/SNCR/wet scrubber—sorbent additive and space-saving, 1.5-4.0% 98%/53-58% 74
Project durable scrubber design
SO-NO_-Rox Box™ Flue Gas Cleanup SCR/high temperature baghouse/sorbent injection—SCR in high- 3.4% 80-90%/90% 92
Demonstration Project temperature filter bag and calcium-based sorbent injection
SNOX™ Flue Gas Cleaning Demonstration SCR/oxidation catalyst/sulfuric acid condenser—synergistic 3.4% 95%/94% 84
Project catalyst effect and no solid waste
Commercial Demonstration of the NOXSO Regenerable adsorbent—spherical alumina beads impregnated 3.4% 98% (goal)/75% (goal) 82
SO/NO, Removal Flue Gas Cleanup System with sodium carbonate in fluidized-bed adsorber (planned)
12  Project Fact Sheets



Advanced Electric Power Generation
Technology

both combustion and sulfur capture. The operating

At combustion temperatures of 1,400 to 1,600 °Fbed heat exchanger. Circulating fluidized beds use a
the fluidized mixing of the fuel and sorbent enhances relatively high fluidization velocity, which entrains the

bed material, in conjunction with hot cyclones to separate

Advanced electric power generation technologiestemperature range is about half that of a conventionaknd recirculate the bed material from the flue gas before

enable the efficient and environmentally superior

pulverized-coal boiler and below the temperature at it passes to a heat exchanger. Hybrid systems have also

generation of electricity. The advanced electric powejyhich thermal NQis formed. In fact, fluidized-bed NO  evolved from these two basic approaches.
generation projects selected under the CCT Programemissions are about 70 to 80 percent lower than those for Fluidized-bed combustion can be either atmo-
are responsive to the capacity expansion needs requiconventional pulverized-coal boilers. Thus, fluidized-bedpheric (AFBC) or pressurized (PFBC). AFBC oper-

site to meeting long-term demand, off setting nuclear combustors substantially reduce both, 86d NQ
retirements, and meeting stringent CAAA emission  emissions. Also, fluidized-bed combustion has the

ates at atmospheric pressure while PFBC operates at
pressure 6 to 16 times higher. PFBC offers potentially

limits effective in 2000. These technologies are charagapability of using high-ash coal, whereas conventionalhigher efficiency, and consequently, reduced operating
terized by high thermal efficiency, very low pollutant pulverized-coal units must limit ash content in the coal toosts and waste relative to AFBC, as well as smaller

emissions, reduced G@missions, few solid waste relatively low levels.

problems, and enhanced economics. Advanced electric Two parallel paths were pursued in fluidized-bed

size per unit of power output.
Second-generation PFBC integrates the combustor

power generation technologies may be deployed in  development—bubbling and circulating beds. Bubbling with a pyrolyzer (coal gasifier) to fuel a gas turbine
modules, allowing phased construction to better matcBeds use a dense fluid bed and low fluidization velocity(topping cycle), the waste heat from which is used to
demand growth, and to meet the smaller capacity requitg-effect good heat transfer and mitigate erosion of an imenerate steam for a steam turbine (bottoming cycle).

ments of municipal, rural, and nonutility generators.
There are five generic advanced electric power
generation technologies demonstrated in the CCT  §
Program. The characteristics of these five technologi
are outlined here, and the specific projects and techn@le®s!
ogies are presented in more detail in the fact sheets.
Fluidized-Bed Combustion Fluidized-bed
combustion (FBC) reduces emissions of &@d NQ

a sorbent (such as crushed limestone) into the comb
tion chamber along with the coal. Pulverized coal
mixed with the limestone is fluidized on jets of air in
the combustion chamber. Sulfur released from the co
as SQis captured by the sorbent in the bed to form a
solid calcium compound that is removed with the ash
The resultant waste is a dry, benign solid that can be|. '
disposed of easily or used in agricultural and construgs

The inherent efficiency of the gas turbine and waste
heat recovery in this combined-cycle mode significant-
ly increases overall efficiency. Such advanced PFBC
systems have the potential for efficiencies over

50 percent.

Of the five fluidized-bed combustion projects, two
have successfully completed demonstration (one PFBC
and one AFBC), and the other three are in the project
definition and design phase.

Integrated Gasification Combined Cycle The
integrated coal gasification combined-cycle process
has four basic steps: (1) fuel gas is generated from coal
reacting with high-temperature steam and an oxidant
(oxygen or air) in a reducing atmosphere; (2) the fuel
gas is either passed directly to a hot-gas cleanup system
to remove particulates, sulfur, and nitrogen compounds
or first cooled to produce steam and then cleaned

tion applications. More than 90 percent of the,8&h A Tri-State Generation and Transmission Association’s conventionally; (3) the clean fuel gas is combusted in a

be captured this way. Lty -seale AFBC

Nucla Station was host to demonstration of the world’s first

gas turbine generator to produce electricity; and (4) the
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residual heat in the hot exhaust gas from the gas turbine High levels of nitrogen removal are also possible. Energy conversion in fuel cells is more efficient

is recovered in a heat recovery steam generator, andSome of the coal’s nitrogen is converted to ammonia,(up to 60 percent, depending on fuel and type of fuel

the steam is used to produce additional electricity in avhich can be almost totally removed by commerciallycell) than traditional energy conversion devices. Fuel

steam turbine generator. available chemical processes. NGrmed in the gas  cells directly transform the chemical energy of a fuel
Integrated gasification combined-cycle systems aterbine can be held to well within allowable levels by and an oxidant (air or oxygen) into electrical energy

among the cleanest and most efficient of the emergingtaged combustion in the gas turbine or by adding instead of going through an intermediate step, i.e.,

clean coal technologies. Sulfur, nitrogen compounds, moisture to control flame temperature. burner, boiler, turbines, and generators. Each fuel cell

and particulates are removed before the fuel is burned Integrated Gasification Fuel Cell A typical fuel includes an anode and a cathode separated by an

in the gas turbine, that is, before combustion airis  cell system using coal as fuel includes a coal gasifier electrolyte layer. In a coal gasification/fuel cell

added. For this reason, there is a much lower volumewsith a gas cleanup system, a fuel cell to use the coal application, coal gas is supplied to the anode and air is

gas to be treated than in a postcombustion scrubber. gas to generate electricity (direct current) and heat, asupplied to the cathode to produce electricity and heat.

The chemical composition of the gas requires that thanverter to convert direct current to alternating current,

Of the four IGCC projects, three are in operation

gas stream must be cleaned to a high degree, not onlgind a heat-recovery system. The heat-recovery systeand one is in the project definition and design phase.
to achieve low emissions, but to protect downstream would be used to produce additional electric power in a Coal-Fired Diesel Coal-fired diesels use either a

components, such as the gas turbine, from erosion ar@bttoming steam cycle.
corrosion.

In a coal gasifier, the sulfur in the coal is released
in the form of hydrogen sulfide (8) rather than as
S0,. In some IGCC systems, much of the sulfur-
containing gas is captured by a sorbent injected into 1

gen sulfide removal processes, which remove up to
99+ percent of the sulfur, but require the fuel to be
cooled, which is an efficiency penalty. Therefore, hot-{i=
gas cleanup systems are now being demonstrated. |
these cleanup systems, the hot coal gas is passed
through a bed of metal oxide particles, such as zinc
oxides. Zinc oxide can absorb sulfur contaminants at & = =
temperatures in excess of 1,000 °F, and the compou '
can be regenerated and reused with little loss of effeq
tiveness. Produced during the regeneration stage ar
salable sulfur, sulfuric acid, or sulfur-containing com- |&
pounds that may be used to produce useful by-prod-

coal-oil or coal-water slurry fuel drive an electric
generation system. The hot exhaust from the diesel
engine is routed through a heat-recovery unit to pro-
duce steam for a steam-turbine electric generating
system (combined cycle). Environmental control
systems for SONQO,, and particulate removal treat the
cooled exhaust before release to the atmosphere. The
diesel system is expected to achieve 41 to 48 percent
thermal efficiencies. The 5-20 MWe capacity range of
the technology would be most amenable to distributed
power applications. The CCT coal-fired diesel project
is in construction.

Slagging Combustor Many new coal-burning
technologies are designed to remove the coal ash as
molten slag in the combustor rather than the furnace.
Most of these slagging combustors are based on a
cyclone combustor concept. In a cyclone combustor,
coal is burned in a separate chamber outside the fur-
nace cavity. The hot combustion gases then pass into

ucts. The technique is capable of removing more tha _Tampa Electric Company’s Polk Power Station Unit 1, the boiler where the actual heat exchange takes place.

a 250-MWe IGCC greenfield installation, is currently in
operation. It is one of the world’s cleanest and most
advanced coal power plants.

99.9 percent of the sulfur in the gas stream. With hot-
gas cleanup, IGCC systems have the potential for
efficiencies of over 50 percent.
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The advantage of a cyclone combustor is that the
ash is kept out of the furnace cavity where it could
collect on boiler tubes and lower heat transfer efficien
cy. To keep ash from being blown into the furnace, th
combustion temperature is kept so hot that mineral
impurities melt and form slag, hence the name slaggi
combustor. A vortex of air (the cyclone) forces the sl
to the outer walls of the combustor where it can be
removed as waste.

Results to date show that by positioning air injec-
tion ports so that coal is combusted in stages, NO T
emissions can be reduced by 70 to 80 percent. Inject
limestone into the combustion chamber has the pote
tial to reduce sulfur emissions by 90 percent in combif
nation with a spray-dryer absorber. Advanced slaggi ;
combustors could replace oil-fired units in both utility

and industrial applications or be used to retrofit older,
conventional cyclone boilers. The CCT advanced A SPPC's Pifion Pine project demonstrates air-blown, fluidized-bed IGCC technology using hot gas cleanup, and evaluates
a low-Btu gas combustion turbine.

slagging combustor project is in operation.

Exhibit 7 summarizes the process characteristics
and size of the advanced electric power generating
technologies presented in more detail in the project
fact sheets.
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Exhibit 7

CCT Program Advanced Electric Power Generation Technology Characteristics

Project Process Size Fact Sheet
Fluidized-Bed Combustion
Mclintosh Unit 4A PCFB Demonstration Project Pressurized circulating fluidized-bed combustion 137-MWe (net) 106

Mclintosh Unit 4B Topped PCFB Mcintosh 4A with pyrolyzer and topping combustor 157-MWe + 103-MWe (net) 108

Demonstration Project

Tidd PFBC Demonstration Project Pressurized bubbling fluidized-bed combustion 70-MWe (net) 112

JEA Large-Scale CFB Atmospheric circulating fluidized-bed combustion 297.5-MWe (gross); 110

Combustion Demonstration Project 265-MWe (net)

Nucla CFB Demonstration Project Atmospheric circulating fluidized-bed combustion 100-MWe (net) 116

Integrated Gasification Combined Cycle

Clean Energy Demonstration Project Oxygen-blown, slagging fixed-bed gasifier with 477-MWe (net); 122
cold gas cleanup 1.25 MWe MCFC

Pifion Pine IGCC Power Project Air-blown, fluidized-bed gasifier with hot gas cleanup 107 MWe (gross); 124

99-MWe (net)

Tampa Electric Integrated Gasification Oxygen-blown, entrained-flow gasifier with hot and 313 MWe (gross); 126

Combined-Cycle Project cold gas cleanup 250-MWe (net)

Wabash River Coal Gasification Oxygen-blown, two-stage entrained-flow gasifier with 296-MWe (gross); 128

Repowering Project cold gas cleanup 262-MWe (net)

Advanced Combustion/Heat Engines

Healy Clean Coal Project Advanced slagging combustor, spray dryer with sorbent 50-MWe (nominal) 132
recycle

Clean Coal Diesel Demonstration Project Coal-fueled diesel engine 6.4-MWe (net) 134
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Coal Processing for Clean Fuels 5,500 to 9,000 Btu/lb, 25 to 40 percent moisture

CQ Inc. has developed a personal computer

Technology content, and 0.5 to 1.5 percent sulfur is converted to software package that will serve as a predictive tool to
12,000 Btu/lb product with 1.0 percent moisture and aasssist utilities in selecting optimal quality coal for a

The coal processing category includes a range ofiow as 0.3 percent sulfur. The SynCoptoduct is
technologies designed to produce high-energy-densityised at utility and industrial facilities.

low-sulfur solid and clean liquid fuels, as well as The ENCOAL project, which completed opera-
systems to assist users in evaluating impacts of coal tional testing in July 1997, used mild gasification to
quality on boiler performance. convert low-Btu, low-sulfur subbituminous coal to a

In the case of the Custom Coals International  high-energy-density, low-sulfur solid product and a
project, advanced physical-cleaning techniques are clean liquid fuel comparable to No. 6 fuel oil. Mild
applied to bituminous coal with an already high Btu  gasification is a pyrolysis process (heating in the

specific boiler based on operational efficiency, cost,
and environmental considerations. Algorithms were
developed and verified through comparative testing at
bench, pilot, and utility scale. Six large-scale field tests
were conducted at five separate utilities. The software
has been released for use.

Exhibit 8 summarizes the process characteristics
and size of the coal processing for clean fuels technolo-

content to remove the ash, which contains sulfur in thgbsence of oxygen) performed at moderate tempera-gies presented in more detail in the project fact sheets.
form of pyrite, an inorganic iron compound. A dense- tyres and pressures. It produces condensable volatile

medium cyclone using finely sized magnetite effectivehydrocarbons in addition to solids and gas. The

ly separates 90 percent of the pyritic sulfur. But, condensable fraction is drawn off as a liquid product.

because physical methods cannot remove the organiqiost of the gas is used to provide on-site energy
cally bound sulfur, dense-medium-cyclone processedrequirements. The process solid is significantly
coals can only be considered compliance coals beneficiated to produce a 11,000-Btu/lb low-sulfur

(meeting CAAA SQrequirements) if the organic solid fuel. The demonstration plant processed 500 tons
sulfur content is very low. This processed complianceper day of subbituminous coal and produced 250 tons

coal is called Carefree Coal™. For coals with signifi- per day of solid Process-Derived Fuel (Pp#&nhd 250
cant organic sulfur content, sorbents and other addi- parrels per day of Coal-Derived Liquids (CE)LBoth

tives must be added to capture the sulfur released upge solid and liquid fuels have undergone test burns at
combustion and bring the coal into compliance. This ytility and industrial sites. The project was successful-

second product is called Self-Scrubbing Coal™. ly completed.

The project is on hold pending resolution of The liquid-phase methanol (LPMEOH™) process

financial matters. being demonstrated is an 80,000 gallon/day indirect
The Rosebud SynCoal Partnership’s advanced |iquefaction process using synthesis gas from a coal

coal conversion project applies mostly physical- gasifier. The unique aspect of the process is the use of

cleaning methods to low-Btu, low-sulfur subbituminougn inert liquid to suspend the conversion catalyst. This
coals, primarily to remove moisture and secondarily tgemoves the heat of reaction and eliminates the need
remove ash. The objective is to enhance the energy for an intermediate water-gas shift conversion. Also
density of the already low-sulfur coal. Some conver- addressed in the project are the load-following capabil-
sion of the properties of the coal is required, howeverity of the process by simulating application in an IGCC
to provide stability (prevent spontaneous combustionksystem and fuel characteristics of the unrefined

in transport and handling. In the process, coal with  product. Plant operations began in April 1997.

Project Fact Sheets
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Exhibit 8
CCT Program Coal Processing for Clean Fuels Technology Characteristics

Project Process Size Fact Sheet

Development of the Coal Quality Expert™ Coal Quality Expert™ computer software Tested at 250-880-MWe 144

Advanced Coal Conversion Process Demonstration Advanced coal conversion process for upgrading 45 tons/hr 142
low-rank coals

ENCOAL® Mild Coal Gasification Project Liquids-from-coal (LEYmild gasification to 1,000 tons/day* 148
produce solid and liquid fuels

Commercial-Scale Demonstration of the Liquid-Phase Methanol Liquid phase process for 80,000 gal/day 138

(LPMEOH™) Process methanol production from coal-derived syngas

Self-Scrubbing Codl An Integrated Approach to Clean Air Dense-medium cyclones with finely sized magnetic and 500 tons/hr 140

sorbent addition for bituminous coals
*Operated at 500 tons/day

Y Rosebud SynCoal Partnership’s advanced coal Y  The ENCOALmild gasification plant near Gillette, WY, ¥  The LPMEOH™ process produces over 80,000 gal/day
conversion process plant in Colstrip, MT, has produced ovéras operated 12,800 hours and processed approximately of methanol, all of which is used by the Eastman Chemical
1.4 million tons of SynCoébroducts. 260,000 tons of raw coal and produced over 120,000 tons @ompany in Kingsport, TN.

PDPFand 121,000 barrels of CDL
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Industrial Applications Technology dust waste is converted to feedstock. \

) ) ) ) This technology also has application
Technologies applicable to the industrial sector for controlling pollutant emissions in

address significant environmental issues and barrierspaloer production and waste-to-energy
associated with coal use in industrial processes. The%\%plicati ons.

technologies are directed at both continued coal
use and introduction of coal use in various
industrial sectors. coal makes it an attractive substitute for

One of the critical environmental concerns has to ;| 4 gas feedstock. However, draw
do with pollutant emissions resulting from producing backs to conversion of oil- and gas-
coke from coal for use in steelmaking. Two approach?r?ed units to coal include addition of
to mitigate or eliminate this problem are being demonsO and NQ controls, tube fouling,
strated. In one, about 40 percent of the coke is dis- ané the neexzd for a coolant water circu(f®
placed through direct injection of granular coal into a for the combustor. Oil- and gas-fired
blast furnace system. The coal is essentially burned iy iyq 4re not high Sr NO,_emitters, A Shown here is the completed Bethlehem Steel Corporation facility to
the blast furnace where the pollutant emissions are use relatively tight tube sp:";lcing in the demonstrate the injection of granulated coal directly into two blast furnaces at
readily controlled (as opposed to first coking the coally, <o o< ihe potential for ash foul- Burns Harbor, IN.

The other approach eliminates the need for coke
making by using a direct iron-making process. In this
process, raw coal is introduced into a reactor to pro-
duce reducing gas and heat for a unique reduction
furnace; no coke is required. Excess reducing gas is
cleaned and used to fuel a boiler for electric

power generation.

Because production costs are largely driven by
fuel cost, coal is often the fuel of choice in cement injects sorbent to control SGslags
production. Faced with the need to control, 8@is- the ash in the combustor to prevent
sions and also to address growing solid waste managgy fouling, and uses air cooling to
ment problems, industry sponsored the demonstratiorbreclude the need for water circuitry.
of an innovative SOscrubber. The successfully dem- A pulse combustor being demon-
onstrated Passamaquoddy Technology Recovery strated by ThermoChem has a wide
Scrubber™ uses cement kiln dust, otherwise disc:ardergnge of applications. The technology,
as waste, to control S@missions, convert the sulfur can be used in many coal processes,
and chloride acid gases to fertilizer, return the solid bYﬁcIuding coal gasification and waste-
product as cement kiln feedstock, and produce dismletg-energy applications.
water. No new wastes are generated and cement kiln

In many industrial boiler applica-
tions, the relatively low, stable price of]

ing, and the flow of oil or gas cools the
combustor, precluding the need for
water cooling. For these reasons, the
CCT Program demonstrated an ad- |
vanced air-cooled, slagging combustofge .
that could avoid these potential prob- i
lems. The cyclone combustor stages
introduction of air to control NQ

Shown here is the granular-coal injection system.
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Exhibit 9
CCT Program Industrial Applications Technology Characteristics

Project Process Size Fact Sheet
Blast Furnace Granular-Coal Injection System Blast furnace granulanfzion for reduction of coke use 7,000 net tons/day of hot 154
Demonstration Project metal/furnace per day

Advanced Cyclone Combustor with Internal Advanced slagging combustor with staged combustion and sorbent 5 B8 10 158
Sulfur, Nitrogen, and Ash Control injection

Clean Power from Integrated Coal/Ore Direct reduction iron-making process to eliminate coke; 170-MWe 156
Reduction (CPICOR™) combined-cycle power generation 3,300 tons/day of hot metal

Cement Kiln Flue Gas Recovery Scrubber Cement kiln dust used to captuduSizonverted to feedstock; 1,450 tons/day of cement 162

and fertilizer and distilled water produced

Pulse Combustor Design Qualification Test Advanced combustion using Manufacturing and Technology To be determined 166
Conversion International’s pulse combustor/gasifier

The cement kiln and slagging combustor projects
are completed. The project demonstrating granular-
coal injection into a blast furnace is in operation. The
CPICOR and the ThermoChem projects are in the
project definition and design phase and construction
phase, respectively.

Exhibit 9 summarizes process characteristics and
size for the industrial applications technologies pre-
sented in more detail in the project fact sheets.
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The Clean Coal Technology Projects

breakdowns, projects are listed alphabetically by
PrOjeCt FaCt Sheets participant. In addition, Exhibit 10 indicates the
solicitation under which the project was selected,; its
The remainder of this document contains fact ~ Status as of March 31, 1999; and the page number fo

sheets for all 40 projects. Two types of facts sheets &@ach Fact Sheet. Exhibit 11 lists the projects alphabg
provided: (1) a brief, two page overview for ongoing cally by participant and provides project location and
projects and (2) an expanded four page summary for P2ge numbers.
projects that have successfully completed operational AN appendix containing contact information for all
testing. The expanded fact sheets for completed ~ Of the projects is provided as Appendix A. A list of
projects contain a summary of the major results from acronyms used in this document is provided as
the demonstration as well as sources for obtaining APpendix B.
further information, specifically, contact persons and
key references. Information provided in the fact sheets
includes the project participant and team members,
project objectives, significant project features, process
description, major milestones, progress (if ongoing) or
summary of results (if completed), and commercial
applications. A key to interpreting the milestone charts
is provided on the right. To prevent the release of
project-specific information of a proprietary nature,
process flow diagrams contained in the fact sheets are
highly simplified and presented only as illustrations of
the concepts involved in the demonstrations. The
portion of the process or facility central to the demon-
stration is demarcated by the shaded area.
An index to project fact sheets is provided in
Exhibit 10. Projects are listed by application category.
Ongoing projects in each category appear first fol-

[

lowed by projects having completed operations. A

Key to Milestone Charts in Fact Sheets

Each fact sheet contains a bar chart that highlights

major milestones—past and planned. The bar chart

shows a project’s duration and indicates the time period

tifor three general categories of project activities—
preaward, design and construction, and operation. The
key provided below explains what is included in each of
these categories.

Preaward

Includes preaward briefings, negotiations,
and other activities conducted during the
period between DOE'’s selection of the
project and award of the cooperative
agreement.

Design and Construction

Includes the NEPA process, permitting,
design, procurement, construction, preop-
erational testing, and other activities con-
ducted prior to the beginning of operation
of the demonstration.

MTF Memo-to-file
CX  Categorical exclusion
EA  Environmental assessment

EIS Environmental impact statement

Operation

Begins with start-up of operation and in-
cludes operational testing, data collection,
analysis, evaluation, reporting, and other
activities to complete the demonstration
project.

shaded area distinguishes projects having completed
operations from ongoing projects. Within these

Project Fact Sheets
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Exhibit 10
Project Fact Sheets by Application Category

Project Participant Solicitation/Status Page
Environmental Control Devices
SO, Control Technologies
10-MWe Demonstration of Gas Suspension Absorption AirPol, Inc. CCT-lll/completed 3/94 28
Confined Zone Dispersion Flue Gas Desulfurization Demonstration Bechtel Corporation CCT-lll/completed 6/93 B2
LIFAC Sorbent Injection Desulfurization Demonstration Project LIFAC—North America CCT-lll/completed 6/94 36
Advanced Flue Gas Desulfurization Demonstration Project Pure Air on the Lake, L.P. CCT-ll/completed 6/95 10
Demonstration of Innovative Applications of Technology for the Southern Company Services, Inc. CCT-ll/completed 12/94 44

CT-121 FGD Process
NO, Control Technologies
Micronized Coal Reburning Demonstration for NControl New York State Electric & Gas Corporation CCT-IV/operational 50
Demonstration of Coal Reburning for Cyclone Boiler Nontrol The Babcock & Wilcox Company CCT-ll/completed 12/92 52
Full-Scale Demonstration of Low-N@kell Burner Retrofit The Babcock & Wilcox Company CCT-lll/completed 4/93 56
Evaluation of Gas Reburning and Low-NBurners on a Wall-Fired Boiler Energy and Environmental Research Corporation CCT-lll/completed 1/95 %0
Demonstration of Selective Catalytic Reduction Technology Southern Company Services, Inc. CCT-ll/completed 7/95 64

for the Control of NQEmissions from High-Sulfur, Coal-Fired Boilers
180-MWe Demonstration of Advanced Tangentially-Fired Combustion Southern Company Services, Inc. CCT-ll/completed 12/92 68

Techniques for the Reduction of NB&missions from Coal-Fired Boilers
Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler Southern Company Services, Inc. CCT-ll/completed 5/98 72
Combined SQ/NO, Control Technologies
Commercial Demonstration of the NOXSO #X00, Removal Flue NOXSO Corporation CCT-llli/design 82

Gas Cleanup System
SNOX™ Flue Gas Cleaning Demonstration Project ABB Environmental Systems CCT-ll/completed 12/94 84
LIMB Demonstration Project Extension and Coolside Demonstration The Babcock & Wilcox Company CCT-l/completed 8/91 88
SO-NO -Rox Box™ Flue Gas Cleanup Demonstration Project The Babcock & Wilcox Company CCT-ll/completed 5/93 2
Enhancing the Use of Coals by Gas Reburning and Sorbent Injection Energy and Environmental Research Corporation CCT-l/etplete®a
Milliken Clean Coal Technology Demonstration Project New York State Electric & Gas Corporation CCT-IV/Icompleted 6/98 ¥ 8
Integrated Dry NQ'SO, Emissions Control System Public Service Company of Colorado CCT-lll/completed 12/96 100
Advanced Electric Power Generation
Fluidized-Bed Combustion
Mclintosh Unit 4A PCFB Demonstration Project City of Lakeland, Lakeland Electric CCT-lll/design 10p
Mclintosh Unit 4B Topped PCFB Demonstration Project City of Lakeland, Lakeland Electric CCT-V/design 1p8
JEA Large Scale CFB Combustion Demonstration Project JEA CCT-l/design 110

Shaded area indicates projects having completed operations.
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Exhibit 10 (continued)

Project Fact Sheets

by Application Category

Project Participant Solicitation/Status Page
Tidd PFBC Demonstration Project The Ohio Power Company CCT-l/completed 3/95 112
Nucla CFB Demonstration Project Tri-State Generation and Transmission Association, Inc. CCT-l/completed 1/91 116
Integrated Gasification Combined Cycle
Clean Energy Demonstration Project Clean Energy Partners Limited Partnership CCT-V/design | 22
Pifion Pine IGCC Power Project Sierra Pacific Power Company CCT-IV/operational 124
Tampa Electric Integrated Gasification Combined-Cycle Project Tampa Electric Company CCT-lll/operational 126
Wabash River Coal Gasification Repowering Project Wabash River Coal Gasification Repowering Project CCT-IV/operational 128
Joint Venture
Advanced Combustion/Heat Engines
Healy Clean Coal Project Alaska Industrial Development and Export Authority CCT-lll/operational 132
Clean Coal Diesel Demonstration Project Arthur D. Little, Inc. CCT-V/construction 134
Coal Processing for Clean Fuels
Commercial-Scale Demonstration of the Liquid-Phase Methanol Air Products Liquid Phase Conversion Company, L.P. CCT-lllfoperational38
(LPMEOH™) Process
Self-Scrubbing Coal™: An Integrated Approach to Clean Air Custom Coals International CCT-IV/operational 140
Advanced Coal Conversion Process Demonstration Rosebud SynCoal Partnership CCT-l/operational 142
Development of the Coal Quality Expert™ ABB Combustion Engineering, Inc., and CQ Inc. CCT-l/completed 12/95 | 44
ENCOAL® Mild Coal Gasification Project ENCOACorporation CCT-lll/completed 7/97 148
Industrial Applications
Blast Furnace Granular-Coal Injection System Demonstration Project Bethlehem Steel Corporation CCT-lll/operational 154
Clean Power from Integrated Coal/Ore Reduction (CPICOR™) CPICOR™ Management Company, L.L.C. CCT-V/design 156
Pulse Combustor Design Qualification Test ThermoChem, Inc. CCT-IV/construction 16p
Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control Coal Tech Corporation CCT-l/completed 5/90 158
Cement Kiln Flue Gas Recovery Scrubber Passamaquoddy Tribe CCT-ll/completed 9/93 162
Shaded area indicates projects having completed operations.
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Exhibit 11

Project Fact Sheets by Participant

Participant Project Location Page
ABB Combustion Engineering, Inc., and CQ Inc. Development of the Coal Quality Expert™ Homer City, PA 144
ABB Environmental Systems SNOX™ Flue Gas Cleaning Demonstration Project Niles, OH 84
Air Products Liquid Phase Conversion Company, L.P. Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) t, KMgspor 138
Process
AirPal, Inc. 10-MWe Demonstration of Gas Suspension Absorption West Paducah, KY 2B
Alaska Industrial Development and Export Authority Healy Clean Coal Project Healy, AK 132
Arthur D. Little, Inc. Clean Coal Diesel Demonstration Project Fairbanks, AK 134
The Babcock & Wilcox Company Demonstration of Coal Reburning for Cyclone Boile¥@trol Cassville, Wi 52
The Babcock & Wilcox Company Full-Scale Demonstration of Low-E@éll Burner Retrofit Aberdeen, OH 56
The Babcock & Wilcox Company LIMB Demonstration Project Extension and Coolside Demonstration Lorain, OH B8
The Babcock & Wilcox Company SO, -Rox Box™ Flue Gas Cleanup Demonstration Project Dilles Bottom, OH 92
Bechtel Corporation Confined Zone Dispersion Flue Gas Desulfurization Demonstration Seward, PA 32
Bethlehem Steel Corporation Blast Furnace Granular-Coal Injection System Demonstration Project Burns Harbor, IN 154
City of Lakeland, Lakeland Electric Mclintosh Unit 4A PCFB Demonstration Project Lakeland, FL 106
City of Lakeland, Lakeland Electric Mclintosh Unit 4B Topped PCFB Demonstration Project Lakeland, FL 108
Clean Energy Partners Limited Partnership Clean Energy Demonstration Project Grand Tower, IL 122
Coal Tech Corporation Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control Williamsport, PA 158
CPICOR™ Management Company, L.L.C. Clean Power from Integrated Coal/Ore Reduction (CPICOR™) Vineyard, UT 156
Custom Coals International Self-Scrubbing Coal™: An Integrated Approach to Clean Air Central City, PA | 40
ENCOAL Corporation ENCOAER Mild Coal Gasification Project Gillette, WY 148
Energy and Environmental Research Corporation Enhancing the Use of Coals by Gas Reburning and Sorbent Injection Hennepin, IL 96
Springfield, IL
Energy and Environmental Research Corporation Evaluation of Gas Reburning and L @&wiN&s on a Wall-Fired Boiler Denver, CO 60
JEA JEA Large-Scale CFB Combustion Demonstration Project Jacksonville, FL 110
LIFAC-North America LIFAC Sorbent Injection Desulfurization Demonstration Project Richmond, IN 34
New York State Electric & Gas Corporation Micronized Coal Reburning Demonstration foCdt@rol Lansing, NY 50
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Exhibit 11 (continued)

Project Fact Sheets by Participant

Participant Project Location Page
New York State Electric & Gas Corporation Milliken Clean Coal Technology Demonstration Project Lansing, NY 18
NOXSO Corporation Commercial Demonstration of the NOXSQ/BO, Removal Flue Gas To be determined 82
Cleanup System
The Ohio Power Company Tidd PFBC Demonstration Project Brilliant, OH 11p
Passamaquoddy Tribe Cement Kiln Flue Gas Recovery Scrubber Thomaston, ME 1 62
Public Service Company of Colorado Integrated Dry /80, Emissions Control System Denver, CO 100
Pure Air on the Lake, L.P. Advanced Flue Gas Desulfurization Demonstration Project Chesterton, IN 40
Rosebud SynCoal Partnership Advanced Coal Conversion Process Demonstration Colstrip, MT 142
Sierra Pacific Power Company Pifion Pine IGCC Power Project Reno, NV 124
Southern Company Services, Inc. Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler Coosa, GA 72
Southern Company Services, Inc. Demonstration of Innovative Applications of Technology for the CT-121 FGD Newnan, GA 44
Process
Southern Company Services, Inc. Demonstration of Selective Catalytic Reduction Technology for the Control of Pensacola, FL 64
NO, Emissions from High-Sulfur, Coal-Fired Boilers
Southern Company Services, Inc. 180-MWe Demonstration of Advanced Tangentially-Fired Combustion Lynn Haven, FL 68
Techniques for the Reduction of NBmissions from Coal-Fired Boilers
Tampa Electric Company Tampa Electric Integrated Gasification Combined-Cycle Project Mulberry, FL |26
ThermoChem, Inc. Pulse Combustor Design Qualification Test Baltimore, MD 146
Tri-State Generation and Transmission Association, Inc. Nucla CFB Demonstration Project Nucla, CO 116
Wabash River Coal Gasification Repowering Wabash River Coal Gasification Repowering Project West Terre Haute, IN 128
Project Joint Venture
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Environmental Control Devices
SO, Control Technology

10-MWe Demonstration of Gas
Suspension Absorption

Project completed.

Participant
AirPol, Inc.

Additional Team Members
FLS miljo, Inc. (FLS) —technology owner
Tennessee Valley Authority—cofunder and site owne

Location
West Paducah, McCracken County, KY

Technology
FLS' Gas Suspension Absorption (GSA) system for
flue gas desulfurization (FGD)

Plant Capacity/Production
10-MWe equivalent slipstream of flue gas from a
175-MWe wall-fired boiler

Coal
Western Kentucky bituminous—
Peabody Martwick, 3.05% sulfur
Emerald Energy, 2.61% sulfur
Andalax, 3.06% sulfur
Warrior Basin, 3.5% sulfur (used intermittently)

Project Funding

Total project cost $7,717,189 100%
DOE 2,315,259 30
Participant 5,401,930 70

Project Objective
To demonstrate the applicability of Gas Suspension

GAS SUSPENSION
ABSORPTION REACTOR

CYCLONE
SEPARATOR

e
-
=1 N
HYDRATED =T~
PULSE JET
BAGHOUSE
RECYCLE
a

ASH

STACK

FLUE GAS
FROM BOILER

|

TO ASH POND

DRY ASH

Technology/Project Description A test program was structured to (1) optimize

The GSA system consists of a vertical reactor in whicllesign of the GSA reactor for reduction of S€is-

flue gas comes into contact with suspended solids sions from boilers using high-sulfur coal and (2) evalu-
consisting of lime, reaction products, and fly ash. ate the environmental control capability, economic
About 99% of the solids are recycled to the reactor vigotential, and mechanical performance of GSA. A sta-
a cyclone while the exit gas stream passes through atistically designed parametric (factorial) test plan was
electrostatic precipitator (ESP) or pulse jet baghouse developed involving six variables. Beyond evaluation
(PJBH) before being released to the atmosphere. Theof the basic GSA unit to control SGair toxic control

lime slurry, prepared from hydrated lime, is injected  tests were conducted, and the effectiveness of a GSA/
through a spray nozzle at the bottom of the reactor. ESP and GSA/PJBH to control both Séhd particulate
The volume of lime slurry is regulated with a variable- were tested. Factorial tests were followed by continu-
speed pump controlled by the measurement of the acwis runs to verify consistency of performance over

Absorption as an economic option for achieving Phasgntent in the inlet and outlet gas streams. The dilu-

I CAAA SO, compliance on pulverized coal-fired boil-
ers using high-sulfur coal.

28 Project Fact Sheets

tion water added to the lime slurry is controlled by on-
line measurements of the flue gas exit temperature.
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Calendar Year

T

DOE selected project
(CCT-Illy 12/19/89

NEPA process completed (MTF) 9/21/
90

Cooperative agreement awarded 10/11/90

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 411 2 3 41 2 3 4|1 2 3 41 2 3 4 3 4|1 2 3 3 4|1 2 3 4|1 2 3 4| 1 2
12/89 10/90 10/92 6/95
| Preaward | Design and Construction Operation
A A A

*

Operation initiated 10/92
Environmental monitoring plan completed 10/2/

Preoperational tests initiated 9/92
Construction completed 9/92
Ground breaking/construction started 5/92

Design completed 12/91

Project completed/final report issued 6/95
Operation completed 3/94

time.

Results Summary

Environmental

+ Ca/S molar ratio had the greatest effect on &0
moval, with approach-to-saturation temperature
next, followed closely by chloride content.

» GSA/ESP achieved

— 90% sulfur capture at a Ca/S molar ratio of 1.3
with 8 °F approach-to-saturation and 0.04% chlo-

ride,

— 90% sulfur capture at a Ca/S molar ratio of 1.4

— 3-5% increase in SQeduction relative to .
GSA/ESP, and

— 99.99+% average particulate removal efficiency.

GSA/ESP and GSA/PJBH removed 98% of the hy-
drogen chloride (HCI), 96% of the hydrogen fluoride

Special steels were not required in construction, and
only a single spray nozzle is needed.

High availability and reliability similar to other com-
mercial applications were demonstrated, reflecting
simple design.

(HF), and 99% on more of most trace metals, excepiconomic

cadmium, antimony, mercury, and selenium.
(GSA/PJBH removed 99+% of the selenium.)

The solid by-product was usable as low-grade ce-
ment.

Operational

with 18 °F approach-to-saturation and 0.12%
chloride, and

— 99.9+% average particulate removal efficiency.
 GSA/PJBH achieved

— 96% sulfur capture at a Ca/S molar ratio of 1.4
with 18 °F approach-to-saturation and 0.12%

chloride,

Environmental Control Devices

GSA/ESP lime utilization averaged 66.1% and
GSA/PJBH averaged 70.5%.

The reactor achieved the same performance as a
conventional spray dryer, but at one-quarter to one-
third the size.

GSA generated lower particulate loading than a
conventional spray dryer, enabling compliance with
a lower ESP efficiency.

Capital and levelized (15-year) costs for GSA in-

Capital Cost Levelized Cost
(1990 $/kw) (mills/kwh)
GSA—3 units at 149 10.35
50% capacity
WLFO 216 13.04
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stalled in a 300-MWe plant using 2.6% sulfur coal

are compared below to costs for a wet limestone
scrubber with forced oxidation (WLFO scrubber).
EPRI's TAG™ cost method was used. Based on

(1990%) for a conventional spray dryer was

temperature of 8 °F was achieved without plugging th€.12% coal chloride level. Exhibit 13 summarizes key
system, the test was conducted at a very low chlorideresults from factorial testing.

level (0.04%). Because water evaporation rates de-

A 28-day continuous run to evaluate the

crease as chloride levels increase, an 18 °F approachGSA/ESP configuration was made with bituminous
EPRI cost studies of FGD processes, the capital céstsaturation temperature was chosen for the higher coals averaging 2.7% sulfur, 0.12% chloride levels, and

$172/KW.

Project Summary
The GSA capability of suspending a high concer
tration of solids, effectively drying the solids, and

Exhibit 12
Variables and Levels Used in
GSA Factorial Testing

recirculating the solids at a high rate with precise
control results in SQcontrol comparable to that

Variable Level

of wet scrubbers and high lime utilization. The
high concentration of solids provides the sorberjt/
SO, contact area. The drying enables low ap-
proach-to-saturation temperature and chloride
usage. The rapid, precise, integral recycle syster]
sustains the high solids concentration. The high
lime utilization mitigates the largest operating cost
(lime) and further reduces costs by reducing the
amount of by-product generated. The GSA is

-

Approach-to-saturation temperature (°F), B, 28

Ca/S (moles Ca(OH)nole inlet SQ) 1.00 and 1.30
Flyash loading (gr/f actual) 0.50 and 2.0
Coal chloride level (%) 0.04 and 0.12
Flue gas flow rate (£Gscfm) 14 and 20
Recycle screw speed (rpm) 30 and 45

"8 °F was only run at the low coal chloride level.

distinguished from the average spray dryer by its

modest size, simple means of introducing reagert
to the reactor, direct means of recirculating un-
used lime, and low reagent consumption. Also,

Exhibit 13
GSA Factorial Testing Results

injected slurry coats recycled solids, not the
walls, avoiding corrosion and enabling use of
carbon steel in fabrication.

Environmental Performance

Exhibit 12 lists the six variables used in the facto-
rial tests and the levels at which they were ap-
plied. Inlet flue gas temperature was held constant
at

320 °F. Factorial testing showed that lime stoichi
ometry had the greatest effect on_S@moval.
Approach-to-saturation temperature was the next
most important factor, followed closely by chlo-
ride levels. Although an approach-to-saturation

< 100+

._;;

2 90+

3

—. 80+

®)

1]

; 70+ P

@ ? =O= § °F Approach - 0.04% CI
e O it = L= 18°F Approach - 0.04% Cl
E - & = 18°F Approach - 0.12% Cl
[

: 50 t t T ! !
~ 090 1.0 1.1 1.2 1.3 1.4

Fresh Lime Stoichiometry (moles Ca/mole SO, )

Note: All tests were conducted at a 320 °F inlet flue gas
temperature.
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18 °F approach-to-saturation temperature. A subsequent
14-day continuous run to evaluate the GSA/PJBH con-
figuration was performed under the same conditions as
those of the 28-day run, except for adjustments in flyash
injection rate from 1.5-1.0 giftactual).

The 28-day run on the GSA/ESP system showed
that the overall SQremoval efficiency averaged
slightly more than 90%, very close to the set point of
91%, at an average Ca/S molar ratio of 1.40-1.45 moles
Ca(OH)/mole inlet SQ. The system was able to adjust
rapidly to the surge in inlet S@aused by switching to
3.5% sulfur Warrior Basin coal for a week. Lime utiliza-
tion averaged 66.1%. The particulate removal efficiency
averaged 99.9+% and emission rates were maintained
below 0.015 Ib/10Btu. The 14-day run on the GSA/
PJBH system showed that the S®moval efficiency
averaged more than 96% at an average Ca/S molar ratio
of 1.34-1.43 moles Ca(Olnole inlet SQ. Lime utiliza-
tion averaged 70.5%. The particulate removal efficiency
averaged 99.99+% and emission rates ranged from
0.001-0.003
Ib/1CF Btu.

All air toxic tests were conducted with 2.7% sulfur,
low-chloride coal with a 12 °F approach-to-saturation
temperature and a high flyash loading of 2.0 Y-
tual). The GSA/ESP arrangement indicated average
removal efficiencies of greater than 99% for arsenic,
barium, chromium, lead, and vanadium; somewhat less
for manganese; and less than 99% for antimony, cad-
mium, mercury, and selenium. The GSA/PJBH configu-
ration showed 99+% removal efficiencies for arsenic,
barium, chromium, lead, manganese, selenium, and
vanadium; with cadmium removal much lower and
mercury removal lower than that of the GSA/ESP sys-

Environmental Control Devices



tem. The removal of HCI and HF was dependent upo
the utilization of lime slurry and was relatively indepen
dent of particulate control configuration. Removal
efficiencies were greater than 98% for HCI and 96% fo
HF.

Operational Performance
Because the GSA system has suspended recycle so
to provide a contact area for SCapture, multiple high-
pressure atomizer nozzles or high-speed rotary nozzleg
to achieve uniform, fine droplet size are not required. |
Also, recycle of solids is direct and avoids recycling
material in the feed slurry, which would necessitate
expensive abrasion-resistant materials in the
atomizer(s).

The high heat and mass transfer characteristics ¢
the GSA enable the GSA system to be significantly i
smaller than a conventional spray dryer for the same
capacity—one-quarter to one-third the size. This mak
retrofit feasible for space-confined plants and reduce;s
installation cost. The GSA system slurry is sprayed o g
the recycled solids, not the reactor walls, avoiding [ B
direct wall contact and the need for corrosion-resistant
alloy steels. Furthermore, the high concentration of
rapidly moving solids scours the reactor walls and
mitigates scaling. The GSA system generates a signif
cantly lower grain loading than a conventional spray = ) -
cyer—2-5 gt fo GSA versus 6-10 gfor a spray 4, (el 1, sieeesstuly semoneueed o b
dryer—enabling compliance even with lower ESP par-
ticulate removal efficiency. The GSA system produces
a solid by-product containing very low moisture. This ing 2.6% sulfur coal. The design g@moval efficiency
material contains both fly ash and unreacted lime. Wittvas 90% at a lime feed rate equivalent to 1.30 moles
the addition of water, the by-product undergoes a  Ca/mole inlet SQ Lime was assumed to be 2.8 times

L

Vi

and 13.04 mills/kWh, respectively. The capital cost
listed in EPRI cost tables for a conventional spray
dryer at 300-MWe and 2.6% sulfur coal was $172/kW
(1990%). Also, because the GSA requires less power
and has better lime utilization than a spray dryer, the
GSA will have a lower operating cost.

Commercial Applications

The low capital cost, moderate operating cost, and
high SQ capture efficiency make the GSA system
particularly attractive as a CAAA compliance option

for boilers in the 50-250-MWe range. Other major ad-
vantages include the modest space requirements com-
parable to duct injection systems, high availability/
reliability owing to design simplicity, and low dust
loading, minimizing particulate upgrade costs.

GSA market entry was significantly enhanced with
the sale of a 50-MWe unit, worth $10 million, to the city
of Hamilton, OH, subsidized by the Ohio Coal Develop-
ment Office. A sale worth $1.3 million has been made to
the U.S. Army for hazardous waste disposal. A GSA
system has been sold to a Swedish iron ore sinter
plant. Sales to Taiwan and India have a combined
value of
$5.5million.

Contacts
Niels H. Kastrup, (281) 539-3400
FLS Miljo, Inc.
100 Glennborough
Houston, TX 77067
(281)539-3411 (fax)
f awrence Saroff, DOE/HQ, (301) 903-9483
James U. Watts, FETC, (412) 892-5991

pozzolanic reaction, essentially providing the charac- the cost of limestone. It was determined that (1) capital

teristics of a low-grade cement.

Economic Performance

Using the EPRI costing methodology applied to 30 to
35 other FGD processes, economics were estimated foh
a moderately difficult retrofit of a 300-MWe boiler burn->"°

kWh with three units at 50% capacity.
A cost comparison run for a WLFO scrubber

Environmental Control Devices

wed the capital and levelized costs to be $216/kW

cost (1990$) was $149/kW with three units at 50% ca- References
pacity and (2) levelized cost (15-year) was 10.35 mills/ «

10-MWe Demonstration of Gas Suspension Absorption
Final Project Performance and Economics RepBe-

port No. DOE/PC/90542-T9. AirPol, Inc. June 1995.
(Available from NTIS as DE95016681.)

e 10-MW Demonstration of the Gas Suspension Absorption

Final Public Design ReporRegad;dla f2fdREets 31
90542-T10. AirPol, Inc. June 1995. (Available from
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BOILER DOLOMITIC CALCITIC LIME

Confined Zone Dispersion WATER
Flue Gas Desulfurization
Demonstration
Project completed. 2nd STAGE

l ’ ELECTROSTATIC ELECTROSTATIC
Participant PRECIPITATOR PRECIPITATOR
Bechtel Corporation PULVERIZED AR

.

Additional Team Members

AIR —*

Pennsylvania Electric Company—cofunder and host SORBENT STACK
Pennsylvania Energy Development Authority— SLURRY
cofunder -
New York State Electric & Gas Corporation—cofunder
Rockwell Lime Company—cofunder
Location SOLID WASTE
Seward, Indiana County, PA (Pennsylvania Electric m
Company’s Seward Station, Unit No. 5) SOLID WASTE TO DISPOSAL

Technology
Bechtel Corporation’s in-duct, confined zone

dispersion flue gas desulfurization (CZD/FGD) process
P d ( )P mum process operating parameters and to determine the dry reaction products and the unreacted lime to the

Plant Capacity/Production CZD/FGD’s operability, reliability, and cost-effective- ESP.

73.5-MWe equivalent ness during long-term testing and its impact on down- This project included injection of different types
Coal stream operations and emissions. of sorbents (dolomitic and calcitic limes) with several
Pennsylvania bituminous, 1.2-2.5% sulfur Technology/Project Description atomizer designs using low- and high-sulfur coals to

. . In Bechtel's CZD/FGD process, a finely atomized slurryVerlfy the effects on Sgemoval and the capab|llt¥ of
Project Funding L . . the ESP to control particulates. The demonstration
of reactive lime is sprayed into the flue gas stream

Total project cost* $10,411,600 100% _ _ _ [ i "
50 between the boiler air heater and the electrostatic pre-Was conducted at Pennsylvania Electric Company's

DOE 5,205,800 . . L : Seward Station in Seward, PA. One-half of the flue gas
Participant 5 205,800 50 cipitator (ESP). The lime slurry is mmcte_d into the
center of the duct by spray nozzles designed to pro-
Project Objective duce a cone of fine spray. As the spray moves down-
To demonstrate SOemoval capabilities of in-duct stream and expands, the gas within the cone cools and

CZDIFGD technology; specifically, to define the opti- the SQ is quickly absorbed in the liquid droplets. The
droplets mix with the hot flue gas, and the water

*Additional project overrun costs were funded 100% by the participant €vaporates rapidly. Fast drying precludes wet particle
for a final total project cost of $12,173,000. buildup in the duct and aids the flue gas in carrying

32 Project Fact Sheets Environmental Control Devices



Calendar Year

1988 1989

3 4(1 2 3 4|1 2 3 4|1 2 3 4

1993

1998

Design and Construction

12/89 10/90 7/91

| Preaward |

DOE selected
project (CCT-IIl) 12/

Design start 6/90

NEPA process completed (MTF) 9/90

Cooperative agreement awarded 10/
90

Design completed 10/90

6/94
Operation

T

Project completed/final report issued 6/

94
Operation completed 6/93

Preoperational tests initiated 7/91
Operation initiated 7/91

Construction completed 6/91
Environmental monitoring plan 6/12/91

Ground breaking/construction started 3/91

19/89

capacity of the
147-MWe Unit No. 5 was routed through a modified,

longer duct between the first- and second-stage ESPs.

Results Summary

Environmental

Pressure-hydrated dolomitic lime proved to be a
more effective sorbent than either dry hydrated
calcitic lime or freshly slaked calcitic lime.

Sorbent injection rate was the most influential pa-
rameter on SCrapture. Flue gas temperature was *
the limiting factor on injection rate. For $SCapture
efficiency of 50% or more, a flue gas temperature of
300 °F or more was needed.

Slurry concentration for a given sorbent did not
increase SQremoval efficiency beyond a certain
threshold concentration.

Testing indicated that S@emoval efficiencies of
50% or more were achievable with flue gas tempera-
tures of 300-310 °F (full load), sorbent injection rate’

Environmental Control Devices

of 52-57 gal/min, residence time of 2 seconds, and e Some CZD/FGD maodification will be necessary to

pressure-hydrated dolomitic-lime concentration of
about 9%.

assure consistent S@moval and avoid deposition
of solids within the ductwork during upsets.

For operating conditions at Seward Station, data gconomic

indicated that for 40-50% §®emova|, a 6-8% lime
or dolomitic lime slurry concentration, and a sto-
ichiometric ratio of 2—2.5 resulted in a 40-50% lime
utilization rate. That is, 2—2.5 moles of CaO or
Ca0+-MgO were required for every mole of 3@-
moved.

Assuming 92% lime purity, 1.9-2.4 tons of lime was
required for every ton of SOemoved.

Operational

About 100 ft of straight duct was required to assure
the 2-second residence time needed for effective
CZD/FGD operation.

At Seward Station, stack opacity was not detrimen-
tally affected by CZD/FGD.

Availability of CZD/FGD was very good.

Capital cost of a 500-MWe system operating on 4%
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were achieved. At 260-280 °F, injection rates had to be
dropped to 30—40 gal/min, resulting in a 15-30% drop

in SO, removal efficiency. Slurry concentration for a
given sorbent did not increase S@moval efficiency
beyond a certain threshold concentration. For example,
with pressure-hydrated dolomitic lime, slurry concen-
trations above 9% did not increase ,S@pture effi-

ciency.

Parametric tests indicated that S@movals above
50% are possible under the following conditions: flue
gas temperature of 300—-310 °F; boiler load of 145-147-
MWe; residence time in the duct of 2 seconds; and lime
slurry injection rate of 52-57 gal/min.

sulfur coal and achieving 50% S@educ-
tion was estimated at less than $30/kwW
and operating cost at $300/ton of SO
removed (19943%).

Project Summary

The principle of the CZD/FGD is to form a
wet zone of slurry droplets in the middle of
duct confined in an envelope of hot gas
between the wet zone and the hot gas. Tl
lime slurry reacts with part of the S@ the L
gas and the reaction products dry to form
solid particles. An ESP, downstream from

point of injection, captures the reaction e =3
products along with the fly ash entrained i |_ SR Operational Performance
the flue gas. A Bechtel's demonstration showed that 50%,S@moval The percentage of lime utilization in the CZD/FGD
CZDIFGD did not require a special ret,ﬂgfz_fflme.ncy was pgssmle using C.ZD/FGD.tephnology. The ex'[e”dpéjgnificantly affected the total cost of S@moval. An
. . duct into which lime slurry was injected is in the foreground. . . . -
tor, simply a modification to the ductwork. o _ _ analysis of the continuous operational data indicated
Use of the commercially available Type S pressure- * Eliminate negative effects on normal boiler opera-  that the percentage of lime utilization was directly de-

hydrated dolomitic lime reduced residence time require- tiONS without increasing particulate emissions and pendent on two key factors:

ments for CZD/FGD and enhanced sorbent utilization. ©Pacity + Percentage of SQremoved

The increased humidity of CZD/FGD processed flue The parametric tests included duct injection of .o slurry feed concentration

gas enhanced ESP performance, eliminating the needatomized lime slurry made of dry hydrated calcitic lime, ) N ]

for upgrades to handle the increased freshly slaked calcitic lime, and pressure-hydrated = . For operating conditions at Seward Stathn, data

particulate load. dolomitic lime. All three reagents remove Stm the |nd|cat_e.d that for 40-50% §@Bmoval, a6-8% .I|m_e or
Bechtel began its 18-month, two-part test progranflue gas but require different feed concentrations of d_olom_|t|c lime slurry con(,tentranon, an<_j a stq_chpmet-

for the CZD process in July 1991, with the first lime slurry for the same percentage of,S@moved. fic ratio of 2-2.5 resulted in a 40-50% lime utilization

rate. That is, 2-2.5 moles of CaO or CaO*MgO were
required for every mole of S@emoved; or assuming
92% lime purity, 1.9-2.4 tons of lime were required for
every ton of SQremoved. In summary, the demonstra-
tion showed the following results:

Sorbent injection rate proved to be_ the most |nf|_uent|al. A 50% SQ removal efficiency with CZD/FGD was
factor on SQ capture. The rate of injection possible possible

Was limited by the flue gas temperature. This impacted
n . . . .
a portion of the demonstration when air leakage caused
flue gas temperature to drop from 300-310 °F to 260—

280 °F. At 300-310 °F, injection rates of 52-57 gal/min
* Achieve projected SQremoval of 50% were possible and SQeductions greater than 50% The fully automated system integrated with the

12 months of the test program consisting primarily of The most efficient removals and easiest to operate

parametric testing and the last 6 months consisting ofSystem were obtained using pressure-hydrated dolo-

continuous operational testing. During the continuousiticlime.

operational tgst period, the system Y\{as operated undl:eﬁvironmental Performance

fully automatic control by the host utility boiler opera-

tors. The new atomizing nozzles were thoroughly

tested both outside and inside the duct prior to testin

The SQ removal parametric test program, which bega

in October 1991, was completed in August 1992.
Specific objectives were as follows:

Drying and SQ absorption required a residence time
of 2 seconds, which required a long and straight
horizontal gas duct of about 100 feet.

* Realize SQremoval costs of less than $300/ton
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power plant operation demonstrated that the CZD/pany, continued the CZD/FGD demonstration for an ations and can be easily and economically integrated
FGD process responded well to automated controladditional year. Results showed that CZD/FGD operainto existing

operation. However, modifications to the CZD/FGDtion at SQ removal rates lower than 50% could be power plants.

were required to assure consistent, 3&@moval and sustained over long periods without significant pro- Contacts

§v0|d deposition of solids within the gas duct dur- cess problems. . o Joseph T. Newman, Project Manager, (415) 768-1189
ing upsets. CZD/FGD can be used for retrofit of existing plants .
Bechtel Corporation

. Availability of the system was very good. and installation in new utility boiler flue gas facilities to P.O. Box 193965

» At Seward Station, stack opacity was not detrimen-remove Serom a wide variety of sulfur-containing San Francisco, CA 94119-3965
(415) 768-5420 (fax)

tally affected by the CZD/IFGD system. cogls. A CZD/F(_BD _system can be added to a utility
boiler with a capital investment of about $25-50/kW OfLawrence Saroff, DOE/HQ, (301) 903-9483
S\Eames U. Watts, FETC, (412) 892-5991

Economic Performance installed capacity, or approximately one-fourth the co
The CZD/FGD process can achieve costs of $300/tonof building a conventional wet scrubber. In addition to
of SO, removed when operating a 500-MWe unit burn-low capital cost, other advantages include small spacReferences

ing 4% sulfur coal. Based on a 500-MWe plant retrofitrequirements, ease of retrofit, low energy requirements, Confined Zone Dispersion Project: Final Technical Re-
ted with CZD/FGD for 50% SQOremoval, the total capi- fully automated operation, and production of only port. Bechtel Corporation. June 1994.

tal cost is estimated to be less than $30/kW (1994%). nontoxic, disposable waste. The CZD/FGD technology
is particularly well suited for retrofitting existing boil-

ers, independent of type, age, or size. The CZD/FGD
B}Stallation does not require major power station alter-"

Confined Zone Dispersion Project: Public Design Report.
Bechtel Corporation. October 1993.

Comprehensive Reportto Congress onthe Clean Coal
Technology Program: Confined Zone Dispersion Flue

Commercial Applications
After the conclusion of the DOE-funded CZD/FGD
demonstration project at Seward Station, the CZD/FG

system was modified to improve S@moval during Gas Desulfurization DemonstratioBechtel Corpora-

continuous operation while following daily load cycles. tion. Report No. DOE/FE-0203P. U.S. Department of

Bechtel and the host utility, Pennsylvania Electric Com- Energy. September 1990. (Available from NTIS as
DE91002564.)

system.
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Environmental Control Devices
SO, Control Technology

LIFAC Sorbent Injection
Desulfurization Demonstration
Project

Project completed.

Participant

LIFAC—North America (a joint venture partnership
between Tampella Power Corporation and ICF Kaiser
Engineers, Inc.)

Additional Team Members

ICF Kaiser Engineers, Inc.—cofunder and project
manager

Tampella Power Corporation—cofunder

Tampella, Ltd.—technology owner

Richmond Power and Light—cofunder and host utility

Electric Power Research Institute—cofunder

Black Beauty Coal Company—cofunder

State of Indiana—cofunder

Location
Richmond, Wayne County, IN (Richmond Power &
Light's Whitewater Valley Station, Unit No. 2)

Technology
LIFAC’s sorbent injection process with sulfur capture
in a unique, patented vertical activation reactor

Plant Capacity/Production
60-MWe

Coal
Bituminous, 2.0-2.8% sulfur

Project Funding

Total project cost $21,393,772 100%
DOE 10,636,864 50
Participants 10,756,908 50
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ACTIVATION
REACTOR
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SORBENT === )
INJECTION T ELECTROSTATIC
PRECIPITATOR FAN
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AIR STACK
COAL __, PREHEATER -/
AR _ Y
SORBENT
RECYCLE

WS

SOLID WASTE TO DISPOSAL

DRY
ASH

Project Objective leading to SQcapture. After leaving the chamber, the
To demonstrate that electric power plants—especiallysorbent is easily separated from the flue gas along with
those with space limitations and burning high-sulfur the fly ash in the electrostatic precipitator (ESP). The
coals—can be retrofitted successfully with the LIFAC sorbent material from the reactor and electrostatic pre-
limestone injection process to remove 75-85% of the cipitator are recirculated back through the reactor for
SO, from flue gas and produce a dry solid waste prod-increased efficiency. The waste is dry, making it easier
uct for disposal in a landfill. to handle than the wet scrubber sludge produced by
conventional wet limestone scrubber systems.

The technology enables power plants with space
limitations to use high-sulfur midwestern coals by
providing an injection process that removes 75-85% of
Ehe SQ from flue gas and produces a dry solid waste
product suitable for disposal in a landfill.

Technology/Project Description

Pulverized limestone is pneumatically blown into the
upper part of the boiler near the superheater where it
absorbs some of the S@ the boiler flue gas. The
limestone is calcined into calcium oxide and is availabl
for capture of additional SQdownstream in the activa-
tion, or humidification, reactor. In the vertical chamber,
water sprays initiate a series of chemical reactions

Environmental Control Devices



Calendar Year

T Operation initiated 9/92

Environmental monitoring plan
completed 6/12/92

Construction completed 6/92
Original design completed 7/91

Ground breaking/construction started 5/29/91

Cooperative agreement awarded 11/20/90

NEPA process completed (MTF) 10/2/90

DOE selected project (CCT-Ill) 12/19/89

Preoperational tests initiated 7/92

Operation completed 6/94

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 411 2 3 4|1 2 3 41 2 3 4|1 2 3 4|1 2 3 4 2 3 2 3 4 2 3 2 1 2
12/89 11/90 9/92 4/98
| Preaward Design and Construction | Operation
A AA A

Project completed/final

report issued 4/98

Results Summary

Environmental

» SQ,removal efficiency was 70% at a calcium-to-
sulfur (Ca/S) molar ratio of 2.0, approach-to-satura-

efficiency to 85% at a Ca/S molar ratio of 2.0 (fine

limestone).

« ESP efficiency and operating levels were essentially SYyStem.
unaffected by LIFAC operation during steady-stategconomic

operation.

tion temperature of 7-12 °F, and limestone fineness
of 80% minus 325 mesh.

» SO, removal efficiency with limestone fineness of
80% minus 200 mesh was 15% lower at a Ca/S molar
ratio of 2.0 and 7-12 °F approach to saturation.

e Fly and bottom ash were dry and readily disposed
of at a local landfill. The quantity of additional solid
waste can be determined by assuming that approxi- (65-MWe) (19943).

e The amount of bottom ash increased slightly, but
there was no negative impact on the ash-handling

» Capital cost—$66/kW for two LIFAC reactors

mately 4.3 tons of limestone is required to remove

1.0 ton of SQ

¢ The four parameters having the greatest influence

on sulfur removal efficiency were limestone fine-

ness,

Ca/S molar ratio, approach-to-saturation tempera-

ture, and ESP ash recycle rate.

¢ ESP ash recycle rate was limited in the demonstra- *
tion system configuration.
rate and sustaining a 5 °F approach-to-saturation

Increasing the recycle

Operational

* When operating with fine limestone (80% minus
325 mesh), the soot-blowing cycle had to be re-

duced from 6.0 to 4.5 hours.

temperature was projected to increase, B&noval

Environmental Control Devices

Automated programmable logic and simple design
make the LIFAC system easy to operate in start-up,
shutdown, or normal duty cycles.

Project Fact Sheets

(300-MWe); $76/kW for one LIFAC reactor
(150-MWe); $99/kW for one LIFAC reactor
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» Operating cost—$65/ton of S@emoval, assuming LIFAC process values and their effects on sulfur re- q
75% SQ capture, Ca/S molar ratio of 2.0, limestone moval efficiency were evaluated. The four major pa-
composed of 95% CaCQand $15/ton. rameters having the greatest influence on sulfur re-
moval efficiency were limestone fineness Ca/S molar
ratio, reactor bottom temperature (approach-to-satura
tion), and ESP ash recycling rate. Total, 8@pture

Project Summary
The LIFAC technology was designed to enhance the

. .. . h o g "]
effectiveness of dry sorbent injection systems for, SO was about 15% better when injecting fine limestone e —

conj[rol and to maintain the desirable aspects of low (80% minus 325 mesh) than it was with coarse lime-
capital cost and compactness for ease of retrofit. Fur- .
. stone (80% minus 200 mesh).
thermore, limestone was used as the sorbent (about 1/3 L . :
While injecting the fine limestone, the soot blow-

_Of the cost of lime) and a sorbfant recycle system Wasing frequency had to be increased from 6-hour to 4.5-
incorporated to reduce operating costs.

i hour cycle periods. The coarse-quality limestone did
The process evaluation test plan was composed of .
) o o r o not affect soot blowing but was found to be more abra-
five distinct phases each having its own objectives.

sive on the feed and transport hoses.
These tests were as follows: Parametric tests indicated that a 70%, $luc- _
* Baseline tests characterized the operation of the tjon was achievable with a Ca/S molar ratio of 2.0. ESP
host boiler and associated subsystems prior to  ash containing unspent sorbent and fly ash was re-
LIFAC operations. cycled from the ESP hoppers back into the reactor inl¢
» Parametric tests were designed to evaluate the mathyct work. Ash recycling is essential for efficient SO
possible combinations of LIFAC process parametecapture. The large quantity of ash removed from the
and their effect on SQemoval. LIFAC reactor bottom and the small size of the ESP

« Optimization tests were performed after the parameflOPPers limited the ESP ash recycling rate. As a res |
fic tests to evaluate the reliability and operability of th€ amount of material recycled from the ESP was ap-
the LIFAC process over short, continuous operatingfoximately 70% less than had been anticipated. Ho
periods. ever, this low recycling rate was found to affect,SO

capture. During a brief test, it was found that increas- he LIFAC svstem successfully demonstrated at

ing the recycle rate by 50% resulted in a 5% increase Whitgwiter VaIIenytation Unit No. 5 is being retained

SO, removal efficiency. It was estimated that if the by Richmond Power & Light for commercial use with

reactor bottom ash is recycled along with ESP ash, high-sulfur coal. There are 10 full-scale LIFAC units in

* Post-LIFAC tests involved repeating the baseline |\ pije sustaining a reactor temperature of 5 °F above Canada, China, Finland, Russia, and the United States.
test to identify any changes caused by the LIFAC

[ e

¢ Long-term tests were performed to demonstrate
LIFAC’s performance under commercial operating
conditions.

saturation temperature, an S@duction of 85% could

system. be maintained. adjusted to boiler load changes. A Ca/S molar ratio of
The coals used during the demonstration varied ir(]) erational Performance 2.0 was selected to attain S@ductions above ?0%-
sulfur content from 1.4—2.8%. However, most of the Optimization ‘esting becan in March 1994 and was Reactor bottom temperature was about 5 °F higher than
testing was conducted with the higher sulfur coals P g began in __optimum to avoid ash buildup on the steam reheaters.
(2.0-2.8% sulfur). followed by long-term testing in June 1994. The boiler aotomized water droplet size was smaller than optimum
_ was operated at an average load of 60-MWe during  for the same reason. Other key process parameters
Environmental Performance long-term testing, although it fluctuated according t0 ne|d constant during the long-term tests included the

During the parametric testing phase, the numerous power demand. The LIFAC process automatically degree of humidification, grind size of the high-calcium-
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bottom and flyash removal system. The solid waste Canada, China, Finland, Russia, and the United States.

generated was a mixture of fly ash and calcium com- The LIFAC system at Richmond Power & Light is the

pounds and was readily disposed of at a local landfill.first to be applied to a power plant using high-sulfur
The LIFAC system proved to be highly operable (2.0-2.9%) coal. The LIFAC system is being retained

because it has few moving parts and is simple to opey Richmond Power & Light at Whitewater Valley

ate. The process can be easily shut down and re- Station, Unit No. 2. The other LIFAC installations on

started. The process is automated by a programmablgower plants are using bituminous and lignite coals

interlocking, start-up, shutdowns, and data collection.
The entire LIFAC process was easily managed via tw
personal computers located in the host utility’s contro
room.

Economic Performance

of a LIFAC installation is lower than for either a spray

reactors needed:

* $99/kW for one LIFAC reactor at Whitewater Valley .
Station (65-MWe) (1994%)

» $76/kW for one LIFAC reactor at Shand Station
(150-MWe)

*« $66/kW for two LIFAC reactors at Shand Station
(300-MWe)

Crushed limestone accounts for about one half of,
into place. During 2,800 hours of operation, long-term | |FAC’s operating costs. LIFAC requires 4.3 tons of
testing showed that SQeductions of 70% or more limestone to remove 1.0 ton of S@ssuming 75% SO
could be sustained under normal boiler operation. ) .

capture, a Ca/S molar ratio of 2.0, and limestone con-
taining 95% CaCQ Assuming limestone costs of $15/ .

content limestone, and recycle of spent sorbent from 5, | |FAC’s operating cost would be $65/ton of SO
the ESP. removed.

Long-term testing showed that S@ductions of
70% or more can be maintained under normal boiler
operating ranges. Stack opacity was low (about 10%
and ESP efficiency was high (99.2%). The amount of
boiler bottom ash increased slightly during testing, but
there was no negative impact on the power plant’'s

Commercial Applications
)There are 10 full-scale LIFAC units in operation in

Environmental Control Devices

logic system, which regulates process control loops, having lower sulfur contents (0.6—1.5%).

Contacts
c;]im Hervol, Project Manager, (412) 497-2235

ICF Kaiser Engineers, Inc.
Gateway View Plaza
1600 West Carson Street

The economic evaluation indicated that the capital cost Pittsburgh, PA 15219-1031

(412) 497-2235 (fax)

dryer or wet scrubber. Capital costs for LIFAC technolkawrence Saroff, DOE/HQ, (301) 903-9483
ogy vary, depending on unit size and the quantity of James U. Watts, FETC, (412) 892-5991

References

LIFAC Sorbent Injection Desulfurization Demonstration
Project. Final Report, Vol. II: Project Performance and
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(Available from NTIS as DE96004421.)

“LIFAC Nearing Marketability.” Clean Coal Today.
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Viiala, J., et al. “Commercialization of the LIFAC
Sorbent Injection Process in North Americarhird
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Comprehensive Reportto Congress onthe Clean Coal
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Desulfurization Demonstration ProjedtlFAC—North
America. Report No. DOE/FE-0207P. U.S. Depart-
ment of Energy, October 1990. (Available from NTIS
as DE91001077.)
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Environmental Control Devices
SO, Control Technology

Advanced Flue Gas
Desulfurization Demonstration
Project

Project completed.

Participant

Pure Air on the Lake, L.P. (a project company of Pure
Air, which is a general partnership between Air Prod-
ucts and Chemicals, Inc., and Mitsubishi Heavy Indus
tries America, Inc.)

Additional Team Members

Northern Indiana Public Service Company—cofunder
and host

Mitsubishi Heavy Industries, Ltd.—process designer

United Engineers and Constructors (Stearns-Roger
Division)—facility designer

Air Products and Chemicals, Inc.—constructor and
operator

WASTEWATER
ELECTROSTATIC
EVAPORATOR  pRECIPITATOR
HOT
FLUE GAS
OVER FLOW ABSORBER
HEADERS ——— ! MIST ELIMINATOR
ABSORBER ey \ WATER
RECIRCULATION
OPEN GRID
) GYPSUM
CENTRIFUGE STACK
SYSTEM
GYPSUM oy |
AIR
DRY ROTARY
LIMESTONE SPARGER
INJECTION
SLAKED TO WASTEWATER
LIME TREATMENT

Location

Chesterton, Porter County, IN (Northern Indiana Publit}":,roject Objective
Service Company’s Bailly Generating Station, Unit Noa].0 reduce S

7 and 8)

Technology
Pure Air's advanced flue gas desulfurization (AFGD)
process

Plant Capacity/Production
528-MWe

Coal
Bituminous, 2.0-4.5% sulfur

Project Funding

Total project cost $151,707,898 100%
DOE 63,913,200 42
Participant 87,794,698 58

PowerChip is a registered trademark of Pure Air on the Lake, L.P.
40 Project Fact Sheets

same direction and at a relatively high velocity com-
Qemissions by 95% or more at approxi- pared to that in conventional scrubbers. These fea-
mately one-half the cost of conventional scrubbing tures all combined to yield a state-of-the-art, 80-
technology, significantly reduce space requirements, sorber that was more compact and less expensive than
and create no new waste streams. contemporary conventional scrubbers.

Other technical features included the injection of
pulverized limestone directly into the absorber, a device
called an air rotary sparger located within the base of
the absorber, and a novel wastewater evaporation

Technology/Project Description

Pure Air built a single SQabsorber for a 528-MWe
power plant. Although the largest capacity absorber
module of its time in the United States, space requiré-gystem  The air rotary sparger combined the functions
ments were modest because no spare or backup ab- ¢ agitation and air distribution into one piece of equip-
sorber modules were required. The absorber performggh 14 facilitate the oxidation of calcium sulfite to

three functions in a single vessel: prequenching, gypsum.

absorbering, and oxidation of sludge to gypsum. Addi- p .o Air also demonstrated a unique gypsum

tionally, the absorber was of a co-current design, in agglomeration process, PowerChifo significantly
which the flue gas and scrubbing slurry move in the  ophance handling characteristics of adsorbed flue gas

Environmental Control Devices



Calendar Year
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 4(1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2
9/88 12/89 6/92 6/96
| Preaward | Design and Construction Operation
A A A
Design completed 9/92 Operation completed 6/95
Construction completed  9/92 Project completed/final report issued 6/96
L Preoperational tests initiated 3/92
DOE selected Operation initiated 6/92
ject (CCT-Il) 9/
project ( ) Cooperative agreement awarded 12/20/89
Environmental monitoring plan completed 1/31/
91
NEPA process completed (EA) 4/16/90
Ground breaking/construction started 4/20/90
28/88

desulfurization (AFGD)-derived gypsum.
Results Summary *

Environmental

Environmental Control Devices

of natural rock gypsum. were about half those of contemporary systems.

Air toxics testing established that all acid gases Project Summary

were effectively captured and neutralized by the The project proved that single absorber modules of
AFGD. Trace elements largely became constituentsy anced design could process large volumes of flue
of the solids streams (bottom_ ash, fly ash, gylosumgas and provide the required availability and reliability
product). Some boron, selenium, and mercury oyt the usual spares. The major performance objec-
passed to the stack gas in a vapor state. tives were met.

Over the 3-year demonstration, the AFGD unit

AFGD use of co-current, high-velocity flow; integra_accumulated 26,280 hours of operation with an avail-

tion of functions; and a unique air rotary sparger ability of 99.5%. Approximately 237,000 tons of SO
proved to be highly efficient, reliable (to the exclu- were removed, with capture efficiencies of 95% or more,

The wastewater evaporation system (WES) miti- sion of requiring a spare module), and compact. TAQd over 210,000 tons .Of salable gypsum were pro- -
gated expected increases in wastewater generation compactness, combined with no need for a spare duced. The AFGD continues commercial service, which
associated with gypsum production and showed the module, significantly reduced space requirements.'nCIUdesysale of aII. by-product gypsum to U'S'.
potential for achieving zero wastewater discharge Gypsum’s East Chicago, IN, wallboard production
(only a partial- capacity WES was installed). plant.

AFGD design enabled a single 600-MWe absorber
module without spares to remove 95% or morg SO
at availabilities of 99.5% when operating with high-

sulfur coals. .
Operational

Wallboard-grade gypsum was produced in lieu of
solid waste, and all gypsum produced was sold
commercially.

The own-and-operate contractual arrangement

whereby Pure Air took on the turnkey, financing,
operating and maintenance risks through perfor-
mance guarantees was successful.

PowerChif increased the market potential for
AFGD- derived gypsum by cost effectively convert-

ing it to a product with the handling characteristics )
Economic

Environmental Performance
Testing over the 3-year period clearly established that
AFGD operating within its design parameters (without

» Capital costs and space requirements for AFGD
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additives) could consistently achieve 95% ,S€duc- Some boron, selenium, and

tion or more with 2.0-4.5% sulfur coals. The design Exhibit 14 mercury pass to the stack
range SO, Removal Performance gas in a vapor state.

for the calcium-to-sulfur stoichiometric ratio was (100% Boiler Load) Operational

1.01-1.07, with the upper value set by gypsum purity Pgrformance
requirements (i.e., amount of unreacted reagent allowgd - o Availability over the 3-year

in the gypsum). Another key control parameter was the

operating period averaged
ratio L/G, which is the amount of reagent slurry injected P gp g

99.5% while maintaining an

L
T T T T T T T T

. . S ~
into the absorber grid (L) to the volume of flue gas (G)| % ¢s £ 957 average SQremoval eff
. Qo % -
The design L/G range was 50-128 gal/t® The lower g 2 ciency of 94%. This was
end was determined by solids settling rates in the a £ 9 attributable to the simple
slurry and the requirement for full wetting of the grid % 90 Stoichiometric Ratio 1.045 _é Liquid-to-Gas Ratio: 76% of Design effective design and an ’
packing. The high end was determined by where per-| = [ w Sulfur Content 2.25% e [ m Sulfur Content  2.25% . . .
2 I i 25% © oo L O ulfir Coment 2750, effective operating/mainte-
formance leveled out. C O Sulfur Content 2.75% 2T e sufurconent 10% . o
: et C @ Sulfur Content 4.0%. L O SulfurContent  4.5% nance philosophy. Modifi-
Five coals with differing sulfur contents were 81 o Sulfur Content 4.5% L cations were also made to
selected for parametric testing to examine, &&noval ——————+—+— B L
ffici f ti f load If tent. st 50 60 70 80 90 100 1010 1.025 1.040 1.055 1070 1.085 1.100 the AFGD system. An
efficiency as a function of load, sulfur content, sto- Absorber Recireulation Rae Stoichiometric Ratio | the imol i
(Moles Calcium/Mole SO, Removed) examp e was e |mp emen

ichiometric ratio, and L/G. Loads tested were 33%,
67%, and 100%. High removal efficiencies, well above
95%, at loads of 33% and 67% were possible with low
to moderate stoichiometric ratio and L/G settings, eveRUM increases due to lower sulfate availability. The
for 4.5% sulfur coal. Exhibit 14 summarizes the resultsPrimary importance of producing a commercial-grade
of parametric testing at full load. gypsum is avoidance of the environmental and eco-
In the AFGD process, chlorides that would have nomic consequences of disposal. The marketability o
been released to the air are captured and potentially the gypsum is dependent upon whether users are in
become a wastewater problem. This was mitigated byrange of economic transport and whether they can
the addition of the WES which takes a portion of the handle the gypsum by-product. For these reasons,
wastewater stream with high chloride and sulfate leveRRowerChif technology was demonstrated as part of
and injects it into the ductwork upstream of the ESP. the project. This technology uses a compression mill
The hot flue gas evaporated the water and the dis- convert the highly cohesive AFGD gypsum cake into
solved solids were captured in the ESP. Problems weftaked product with handling characteristics equivalen
experienced early on, with the WES nozzles failing to to natural rock gypsum. The process avoids use of
provide adequate atomization and plugging as well. binders, pre-drying or pre-calcining normally associ- Economic Performance
This was resolved by replacing the original single-fluic@ted with briquetting and is 30-55% cheaper at $2.50-Exhibit 15 summarizes capital and levelized current
nozzles with dual fluid systems employing air as the $4.10/ton. dollar cost estimates for nine cases with varying plant
second fluid. Air toxics testing established that all acid gases capacity and coal sulfur content. A capacity factor of
Commercial-grade gypsum quality (95.6-99.7%) are effectively captured and neutralized by the AFGD.65% and a sulfur removal efficiency of 90% were as-
was maintained throughout testing, even at the lowerTrace elements largely become constituents of the sumed. The calculation of levelized cost followed
sulfur concentrations where the ratio of fly ash to gypsolids streams (bottom ash, fly ash, gypsum product)guidelines established in the Electric Power Research

tation of new alloy technol-
ogy, C-276 alloy over car-
bon steel clad material, to replace alloy wallpaper con-
struction within the absorber tower wet/dry interface.
Also, use of co-current rather than conventional
fcounter-current flow resulted in lower pressure drops
across the absorber and afforded the flexibility to in-
crease gas flow without an abrupt drop in removal
efficiency. AFGD SQ capture efficiency with limestone
was comparable to that in wet scrubbers using lime,
%hich is far more expensive. Twenty-four-hour power
gonsumption was 5,275 kW, or 61% of expected con-
§umption, and water consumption was 1,560 gal/min, or
52% of expected consumption.
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Institute’s Technical Assessment Guide. costs for AFGD. The own-and-operate business ap-
The incremental benefits of the own-and-operate proach has done much to mitigate risk on the part of
arrangement, by-product utilization, and emission al- prospective users. High S©apture efficiency places

lowances were also evaluated. Exhibit 16 depicts the an AFGD user in the possible position of trading allowt

relative costs of a hypothetical 500-MWe generating ances or applying credits to other units within the
unit in the Midwest burning 4.3% sulfur coal with a  utility. WES and PowerChfpmitigate or eliminate other-
base case conventional FGD system and four incre- wise serious environmental concerns. AFGD effectively|
mental cases. The horizontal lines in Exhibit 16 showdeals with hazardous air pollutants.

the range of costs for a fuel-switching option. The The project receive®owermagazine's 1993 Power-
lower bar is the cost of fuel delivered to the hypotheti-plant Award and the National Society of Professional
cal midwest unit and the upper bar allows for some Engineer’s 1992 Outstanding Engineering Achieveme
plant modifications to accommodate the compliance Award.

fuel. Contacts

Commercial Applications Tim Roth, (610) 481-6257

AFGD is positioned well to compete in the pollution Pure Air on the Lake, L.P.

control arena of 2000 and beyond. AFGD has markedly c/o Air Products and Chemicals, Inc.
reduced cost and demonstrated the ability to compete 7201 Hamilton Boulevard

with fuel switching under certain circumstances even  Allentown, PA 18195-1501

with a first-generation system. Advances in technol- (610) 481-5820 (fax)

ogy, e.g., in materials and components, should improvdeawrence Saroff, DOE/HQ, (301) 903-9483

Exhibit 15
Estimated Costs for an AFGD System
(1995 Current Dollars)
Cases: 1 2 3 4 5 6 7 8 9

Plant size (MWe) 100 100 100 300 300 300 500 500 Hoo
Coal sulfur content (%) 1.5 3.0 4.5 1.5 3.0 4.5 1.5 3.0 4.5
Capital cost ($/kW) 193 210 227 111 121 131 86 94 1p1
Levelized cost ($/ton SP

15-year life 1,518 840 603 720 401 294 536 302 233

20-year life 1,527 846 607 716 399 294 531 300 233
Levelized cost (mills/kwh)

15-year life 16.39 18.15 19.55 7.78 8.65 9.54 579 6.52 7|24

20-year life 16.49 18.28 19.68 7.73 8.62 9.52 5.74 6.48 7|21

Environmental Control Devices

Exhibit 16
Flue Gas Desulfurization
Economics

$/TOILSQ $/10° Btu

350 4 ] Plant Modifications 12

’ (— Delivered Fuel |

250 T \ — Los
ht 200 T ..

150

100

A B Cc D E

500-MWe plant, 30-yr levelized costs, allowance value of
$300/ton

Incremental cases:

A—Conventional FGD (EPRI model)
B—AFGD, own-and-operate arrangement
C—Adds gypsum sales

D—Adds emission allowance credits at $300/ton, for 90% B
removal

E—Increases SOremoval to 95%

James U. Watts, FETC, (412) 892-5991

References

Advanced Flue Gas Desulfurization (AFGD) Demonstra-
tion Project. Final Technical Report, Vol. II: Project
Performance and EconomicBure Air on the Lake,

L.P. April 1996. (Available from NTIS as
DE96050313.)

Advanced Flue Gas Desulfurization Project: Public De-
signh ReportPure Air on the Lake, L.P. March 1990.

Comprehensive Reportto Congress onthe Clean Coal
Technology Program: Advanced Flue Gas Desulfurization
(AFGD) Demonstration ProjecfPure Air on the Lake,
L.P.) DOE/FE Report No. 0150. U.S. Department of
Energy. November 1989. (Available from NTIS as
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Demonstration of Innovative
Applications of Technology for
the CT-121 FGD Process

Project completed.

Participant
Southern Company Services, Inc.

Additional Team Members

Georgia Power Company—host

Electric Power Research Institute—cofunder

Radian Corporation—environmental and analytical
consultant

Ershigs, Inc.—fiberglass fabricator

Composite Construction and Equipment—fiberglass
sustainment consultant

Acentech—flow modeling consultant

Ardaman—gypsum stacking consultant

University of Georgia Research Foundation—
by-product utilization studies consultant

Location
Newnan, Coweta County, GA (Georgia Power
Company’s Plant Yates, Unit No. 1)

Technology

Chiyoda Corporation’s Chiyoda Thoroughbred-121
(CT-121) advanced flue gas desulfurization (FGD)
process

Plant Capacity/Production
100-MWe

Coal
Illinois No. 5 & No. 6 blend, 2.4% sulfur
Compliance, 1.2% sulfur

Jet Bubbling Reactor is a registered trademark of the Chiyoda
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ELECTROSTATIC
BOILER  PRECIPITATOR R MOTOR
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POND
Project Funding stone FGD reaction, forced oxidation, and gypsum
Total project cost $43,074,996 100% crystallization in one process vessel. The process is
DOE 21,085,211 49 mechanically and chemically simpler than conventional
Participant 21,989,785 51 FGD processes and can be expected to exhibit lower

. N cost characteristics.
Project Objective The fi N d th th bbi
To demonstrate 90% S@ontrol at high reliability with . e. ue gas en ers. undernea © sc.ru g
. . . . solution in the Jet Bubbling Reactor The SQin the

and without simultaneous particulate control; to evalu];I is absorbed and f lci it so
ate use of fiberglass-reinforced-plastic (FRP) vessels (g 9as 1S absorbed and forms caicilim Sultite (Q;l. .

o Alr is bubbled into the bottom of the solution to oxidize
eliminate flue gas reheat and spare absorber modules . ) .
the calcium sulfite to form gypsum. The slurry is dewa-
and to evaluate use of gypsum to reduce waste man- ) S . .
agement costs tered in a gypsum stack, which involves filling a diked

g ' area with gypsum slurry. Gypsum solids settle in the
Technology/Project Description diked area by gravity, and clear water flows to a reten-
The project demonstrated the CT-121 FGD process, tion pond. The clear water from the pond is returned to
which uses a unique absorber design known as the Jgie process.
Bubbling Reactdt (JBR). The process combines lime-

Environmental Control Devices



Calendar Year

*%*

1988 1989 1990 1991 1992 1993 1994 1995 1996 1998 1999

3 41 2 3 4 2 38 411 2 3 1 2 3 4|1 2 3 441 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4 1 2

9/88 4/90 10/92 4/99
| Preaward | Design and Construction Operation

DOE selected project
(CCT-Il) 9/28/88

Cooperative agreement awarded 4/2/90

Environmental monitoring
plan completed 12/18/90

NEPA process

completed (EA) 8/10/90
Ground breaking/construction

started 8/23/90

A T A T
Operation initiated 10/92 Project completed/final

Construction completed 10/92 report issued 4/99*

Design completed 9/92

Operation completed 12/94

Preoperational tests initiated 5/92

*Projected date
** Years omitted

Results Summary

Environmental

+ Over 90% SQremoval efficiency was achieved at
SO, inlet concentrations of 1,000-3,500 ppm with ~ Operational

limestone utilization over 97%.

» JBR achieved particulate removal efficiencies of
97.7-99.3% for inlet mass loadings of 0.303-1.392

Ib/1CF Btu over a load range of 50-100-MWe.

» Capture efficiency was a function of particle size:

>10 microns—99% capture

1-10 microns—90% capture

— <0.5 micron—90% capture

0.5-1 micron—negligible capture

» Hazardous air pollutant (HAP) testing showed

Environmental Control Devices

) Economic
greater than 95% capture of hydrogen chloride (HCI)

and hydrogen fluoride (HF) gases, 80-98% capture
of most trace metals, less than 50% capture of mer-
cury and cadmium, and less than 70% capture of

selenium. conventional FGD systems.

Gypsum stacking proved effective for producing

Project Summary
wallboard/cement-grade gypsum.

The CT-121 process differs from the more common
spray tower type of flue gas desulfurization systems in
that a single process vessel is used in place of the
usual spray tower/reaction tank/thickener arrangement.
Pumping of reacted slurry to a gypsum transfer tank is
) ) ) o intermittent. This allows crystal growth to proceed
FRP construction combined with simplicity of de- . . L .
essentially uninterrupted resulting in large, easily de-

sign resulted in 97% availability at low ash loadings .
watered gypsum crystals (conventional systems em-

and 95% at high ash loadings, precluding the need .
ploy large centrifugal pumps to move reacted slurry

for a spare reactor module. . . .
causing crystal attrition and secondary nucleation).

Simultaneous SQand particulate control were The demonstration spanned 27 months, including

achieved at flyash loadings reflective of an electro-start_up and shakedown, during which approximately

static (ESP) with marginal performance. 19,000 hours were logged. Exhibit 17 summarizes oper-

ating statistics. Elevated particulate loading included a

. . .. short test with the electrostatic precipitator (ESP) com-
Final results are not yet available. However, elimina- . .
. . pletely deenergized, but the long-term testing was
tion of the need for flue gas prescrubbing, reheat,

. . conducted with the ESP partially deenergized to simu-
and spare module requirement should result in cap'- P y g

. ate a more realistic scenario, i.e., a CT-121 retrofit to a
tal requirements far below those of contemporary

FRP-fabricated equipment proved durable both
structurally and chemically, eliminating the need for
a flue gas prescrubber and reheat.
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boiler with a marginally performing particulate collec-

under five different inlet concentrations with coals
averaging 2.4% sulfur and ranging from 1.2— 4.3%
sulfur

(as burned).

Operating Performance

inlet transition duct, the FRP-fabricated equipment

resistant to the corrosive condensates in wet flue gas,
precluding the need for flue gas reheat.

ash test phase was 97%. Availability dropped to 95%

Exhibit 17
Operation of CT-121 Scrubber

Low-Ash Elevated-Ash  Cumulative

Phase Phase for Project
Total test period (hr) 1,750 7,250 19,000
Scrubber available (hr) 11430 6,310 18,340
Scrubber operating (hr) 8,600 5,210 13,810
Scrubber called upon (hr)8,800 5,490 14,290
Reliability= 0.98 0.95 0.96
Availability® 0.97 0.95 0.97
Utilization® 0.73 0.72 0.75

Reliability = hours scrubber operated divided by the hours called upon to opgrate
Availability = hours scrubber available divided by the total hours in the perio
¢ Utilization = hours scrubber operated divided by the total hours in the period
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under the elevated ash-loading conditions due largel
tion device. The SOremoval efficiency was measured to sparger tube plugging problems precipitated by

flyash agglomeration on the sparger tube walls during
high ash loading when the ESP was deenergized. TH
high reliability demonstrated verified that a spare JBR
is not required in a commercial design offering. 100

Environmental Performance

Use of FRP construction proved very successful. Be-Exhibit 18 shows SQOremoval efficiency as a function
cause their large size precluded shipment, the JBR anaf pressure drop across the JBR for five different inlet
limestone slurry storage tanks were constructed on concentrations. The greater the pressure drop, the
site. Except for some erosion experienced at the JBR greater the depth of slurry traversed by the flue gas.
As the SQ concentration increased, removal efficiency 80
proved to be durable both structurally and chemically.decreased, but adjustments in JBR fluid level could
Because of the high corrosion resistance, the need fanaintain the efficiency above 90% and, at Ioweg SO l
a flue gas prescrubber to remove chlorides was elimi- concentration levels, above 98%.
nated. Similarly, the FRP-constructed chimney provedemained above 97% throughout the demonstration.
Long-term particulate capture performance was
tested with a partially deenergized ESP (approximately 6 8 10 12 14 16 18 20
Availability of the CT-121 scrubber during the low-90% efficiency) and is summarized in Exhibit 19.
Analysis indicated that a large percentage of the
outlet particulate matter is sulfate,

Exhibit 18

SO, Removal Efficiency

)
N

gz

Inlet SO,

90

1000 ppm
2200 ppm
2500 ppm
3000 ppm l
3500 ppm

> &4 o

Limestone utilizatiop -, S:soi?:; Ee:selss

All data at 75 MWe
and pH 4.0
except 1000 ppm

JBR Pressure Change
(inches of water column)

Exhibit 19

Particulate Capture Performance
(ESP Marginally Operating)

JBR Pressure Boiler Inlet Mass Outlet Mass Removal
Change (inches of Load Loading Loading* Efficiency
water column) (MWe)  (Ib/10 5Btu) (Ib/10°Btu) (%)

18 100 1.288 0.02 97.7

10 100 1.392 0.010 99.3

18 50 0.325 0.005 98.5

10 50 0.303 0.006 98.0

*Federal NSPS is 0.03 Ib/i®tu for units constructed after September 18, 1978. Plan
Yates permit limit is 0.24 |b/POBtu as an existing unit.

Environmental Control Devices



likely a result of acid mist and gypsum carryover. Thisenvironmental regulations.
reduces the estimate of ash mass loading at the outleé . L
ommercial Applications

to approximately 70% of the measured outlet particu-

lates.

ture efficiency was consistently greater

Involvement of Southern Company (which owns

. . . Southern Company Services, Inc.), with more than
For particulate sizes greater than 10 microns, cap-

than 99%. In the 1-10 micron range, cap-
ture efficiency was over 90%. Between 0.5
and 1 micron, the particulate removal
dropped at times to negligible values pos-

sibly due to acid mist carryover entraining
particulates in this size range. Below 0.5
micron, the capture efficiency increased tg
over 90%. Calculated HAP removals
across the CT-121 JBR, based on the med
surements taken during the demonstratio
are shown in Exhibit 20.

As to solids handling, the gypsum
stacking method proved effective in the
long term. Although chloride content was
initially high in the stack due to the closed
loop nature of the process (with concentr

Exhibit 20
CT-121 Air Toxics Removal
(JBR Components Only)
100

g 80 1 — — =
2y
g
SO 1 —1
=
L
T 40 — — — — — — =
o
IS
7]
Q@ 201 — — — — — — —

0 } } } } |

Chloride Fluoride Arsenic Cadmium  Mercury  Selenium  Vanadiun

tions often exceeding 35,000 ppm), a year

later the chloride concentration in the gypsum
dropped to less than 50 ppm, suitable for wall-
board and cement applications. The reduction i

chloride content was attributed to rainwater
washing the stack.

Economic Performance

Although the final economic analyses are not ye
available, it appears as though CT-121 technol- [§

ogy offers significant economic advantages.

FRP construction eliminates the need for

prescrubbing and reheating flue gas. High sys-
tem availability eliminates the need for a spare
absorber module. Particulate removal capability

precludes the need for expensive (capital-inten-A  The unique Jet Bubbling Reactofcenter) was
sive) ESP upgrades to meet increasingly tough constructed from fiberglass-reinforced plastic.

Environmental Control Devices

20,000-MWe of coal-fired generating capacity, is ex-
pected to enhance confidence in the CT-121 process
among other large high-sulfur-coal boiler users. This
process will be applicable to 370,000-MWe of new and
existing generating capacity by the year 2010. A 90%
reduction in SQemissions from only the retrofit por-
tion of this capacity represents more than 10,500,000
tons/yr of potential SOcontrol.

Plant Yates continues to operate with the CT-121
scrubber as an integral part of the site's CAAA compli-
ance strategy. Since the CCT Program demonstration,
over 8,200 MWe equivalent of CT-121 FGD Capacity
has been sold to 16 customers in seven countries.

The project receiveBowermagazine’s 1994 Pow-
erplant Award. Other awards include the Society of
Plastics Industries’ 1995 Design Award for the mist
eliminator, the Georgia Chapter of the Air and Waste
Management Association’s 1994 Outstanding
Achievement Award, and the Georgia Chamber of
Commerce’s 1993 Environmental Award.

Contacts
David P. Burford, Project Manager, (205) 992-6329
Southern Company Services, Inc.
P.O.Box 2625
Birmingham, AL 35202-2625
(205) 992-7535 (fax)
Lawrence Saroff, DOE/HQ, (301) 903-9483
James U. Watts, DOE/FETC, (412) 892-5991

References

» A Study of Toxic Emissions from a Coal-Fired Power
Plant Utilizing an ESP while Demonstratingthe CCT CT-
121 FGD Project. Final ReporReport No. DOE/PC/
93253-T1. Radian Corporation. June 1994. (Avail-
able from NTIS as DE94016053.)

« Comprehensive Report to Congress on the Clean Coal
Technology Program: Demonstration of Innovative Appli-
cations of Technology for the CT-121 FGD Process.
Southern Company Services, Inc. Report No. DOE/
FE-0158. U.S. Department of Energy. February 1990.
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Environmental Control Devices
NO, Control Technology

Micronized Coal Reburning
Demonstration for NO  Control

Participant
New York State Electric & Gas Corporation

Additional Team Members

Eastman Kodak Company—host and cofunder

Consolidation Coal Company— tester

D.B. Riley—technology supplier

Fuller Company—technology supplier

Energy and Environmental Research Corporation—
reburn system designer

New York State Energy Research and Development
Authority—cofunder

Empire State Electric Energy Research Corporation—
cofunder

Locations
Lansing, Tompkins County, NY (New York State Electric

BOILER BURNOUT ZONE-

NORMAL EXCESS AIR

OVERFIRE AIR
SYSTEM
COAL
/\ BAGHOUSE
It
/3 MICROFINE BURNERS  —_ |
—»
EXISTING COAL — STACK
HOPPER MICROFUEL
SYSTEM —a
v

ASH TO DISPOSAL

REBURNING ZONE-
SLIGHTLY FUEL RICH-
NO, REDUCED TO N,

& Gas Corporation’s Milliken Station, Unit No. 1)

Rochester, Monroe County, NY (Eastman Kodak
Company’s Kodak Park Power Plant, Unit No. 15)

Technology

D.B. Riley’s MPS mill (at Milliken Station) and
Fuller’s MicroMill™ (at Eastman Kodak) technologies
for producing micronized coal

Plant Capacity/Production
Milliken Station: 148-MWe tangentially-fired boiler
Eastman Kodak Company: 50-MWe cyclone boiler

Coal
Pittsburgh seam bituminous, medium- to high-sulfur

MicroMill is a trademark of the Fuller Company.

50 Project Fact Sheets

EXISTING
PULVERIZERS t PRIMARY COMBUSTION ZONE—
AR REDUCED FIRING RATE
ASH TO DISPOSAL
Project Funding low 325 mesh) and injected into a pulverized-coal-fired
Total project cost $9,096,486 100% furnace above the primary combustion zone. Typical
DOE 2,701,011 30 particle size generated in micronization is 20 microns,
Participant 6,395,475 70  whereas normal pulverized coal particles are about 60

. o microns. This similar size increases surface area by nine
Project Objective

. . . . . fold.
To achieve at least 50% N@duction with micronized ) . )
. * . . Micronized coal has the surface area and combustion
coal reburning technology on a cyclone boiler; to achieve L ) ) .
. ; . . . characteristics of an atomized oil flame, which allows
25-35% NO reduction with micronized coal reburning i i o
X . . . carbon conversion within milliseconds and release of
technology in conjunction with low-NCburners on a . . i
. ) . < volatiles at a more even rate. This uniform, compact
tangentially-fired boiler; and to determine the effects of ) )
. o . . combustion envelope allows for complete combustion of
coal micronization on electrostatic precipitator (EPS) . i
the coal/air mixture in a smaller furnace volume than
performance. . . i
conventional pulverized coal because of the coal fineness.
Technology/Project Description The combination of micronized coal, supplying up to
The reburning coal, which can comprise up to 30% of th@0% of the total furnace fuel requirements, advanced
total fuel, is micronized (pulverized to achieve 80% be- reburning, and fuel/air staging provides flexible options

Environmental Control Devices



Calendar Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 41 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2

9/91 7192 3/97 6/99
| Preaward Design and Construction Operation

A f AA A T

Project relocated to Lansing and Rochester 12/95 Project completed/final report

DOE selected Ground breaking/construction started (Lansing) 3/15/96 issued 6/99*
ject (CCT-IV. i i
g;gjze/gl( ) Ground breaking/construction started (Rochester) 9/8/96 Operation completed (Lansing) 4/99*

Design completed (Rochester) 9/96
Operation completed (Rochester) 10/98
NEPA process completed Preoperational tests initiated (Rochester) 1/97
(CX) 8/13/92 Construction completed (Rochester) 1/97

Preoperational tests initiated (Lansing) 1/97

Construction completed (Lansing) 10/97

Environmental monitoring plan completed (Lansing) 8/97
Operation initiated (Lansing) 3/97 Environmental monitoring plan completed (Rochester) 8/97

Cooperative agreement awarded 7/28/92 Operation initiated (Rochester) 4/97 *Projected date

for significant combustion modification and environmen-flow biasing, and soot blowing frequency) and boiler LOI. Data are being evaluated in preparation for issu-
tal improvements. These options can prevent higher  outputs. The parametric testing established the range ofince of the final technical report.
operating costs or furnace performance deratften control settings for optimum performance that were thenCornmercial Applications
associated with conventional environmental controls. used for long-term testing. Testing showed that the targﬁicronize d-coal-reburming technology can be applied to

At the Milliken site, coal is reburned for NGontrol ~ NO_emission rate of 0.60 Ib/1@tu was achieved with existing and greenfield cyclone-fired, wall-fired, and
using the following methods: (1) close-coupled overfire as low as 17% reburn fuel heat input, which representedtgngential-fired pulverized coal units, The tech'nology
air (CCOFA) reburning in which the top burner of the  59% NQ reduction. Stoichiometric ratios needed in the reduces NOemissions by 50-60% W.ith minimal furnace
LNCFS llI™ burners are used for burning the micronizedeburn zone and cyclone burner zone to achieve the tar_modificatioxns for existing units
coal and the remaining burners are re-aimed and (2) adgeted NQ reduction were 0.9 and 1.05-1.15, respec- The availability of a coaI-réburning fuel. as an addi-
ustment of the remaining burners for deep stage com ely. The test program at the Kodak site is complete a o
just tofth ining b for deep stag buively. The test prog t the Kodak site | plet %nal fuel to the furnace, enables SW|tch|ng’ to lower
tion and re-aiming them to create primary combustion anldta are being evaluated in preparation for issuance of ;hgating value coals With(,)ut boiler derating. Reburn
reburn zones. Atthe Eastman Kodak site, the Fuller  final technical report. burners also can serve as low-load burner;q and commer-
MicroMill™ is used to produce the micronized coal, Parametric testing at the Milliken site examined cial units can achieve a turndown of 8:1 on ’nights and
reburn fuel is introduced above the cyclone combustor, conditions that will achieve NGmissions without ex- . . N o

L ; . R o weekends without consuming expensive auxiliary fuel.

and overfire air is employed to complete the combustionceeding 4.5% loss-on-ignition (LOI) to maintain market-
ability of the fly ash. Burner tilt, reburn fuel fineness,
ﬁeburn fuel flow rate, and primary air flow showed little
impact on NQemissions, but significant impact on LOI.
Only excess air had a significant impact on both NO
emissions and LOI. Long-term testing ensued, exploring
optimum conditions for sustained N€ontrol at low

Project Status/Accomplishments

Parametric testing conducted at the Kodak site examine
the relationships that exist between controlling param-
eters (micronized coal flow rate, coal fineness, flue gas
recirculation (FGR) flow rate, overfire air flow rate, coal
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Demonstration of Coal
Reburning for Cyclone Boiler

BOILER
LT

BURNOUT

4alile ELECTROSTATIC

NO Control PRECIPITATOR
X OVERFIRE [
: AR
Project completed. SR AR
BURNERS PREHEATER
Participant
b AR STACK

The Babcock & Wilcox Company PULVERIZED ——»

" COAL —
Additional Team Members t |_7
Wisconsin Power and Light Company—cofunder and Al BRE MARY
host = 3
Sargent and Lundy—engineer for coal handling 7 aZ
. . MAIN — |
Electric Power Research Institute—cofunder COMBUSTION CYCLONE
State of lllinois, Department of Energy and Natural ZONE BURNER DRY WASTE TO DISPOSAL

Resources—cofunder
Utility companies (14 cyclone boiler operators)—
cofunders

, 5 MOLTEN SLAG

Location SLAG TO DISPOSAL

Cassville, Grant County, WI (Wisconsin Power and Ligh
Company’s Nelson Dewey Station, Unit No. 2)

Technology Project Objective burners reacts with the resultant reducing flue gas and is

The Babcock & Wilcox Company’s coal-reburning sys- To demonstrate the technical and economic feasibility otonverted into nitrogen in this zone. The completion of

tem, Coal Reburn achieving greater than 50% reduction in Nftnissions the combustion process occurs in the third zone, called
with no serious impact on cyclone combustor operation,the burnout zone, where the balance of the combustion air

Plant Capacity/Production

boiler performance, or other emission streams. is introduced.
100-MWe . .
. o Coal Reburn can be applied with the cyclone burners
Technology/Project Description i " . . .
Coal operating within their normal, noncorrosive, oxidizing

Babcock & Wilcox Coal Reburn reduces Ni@ the " o
. < conditions, thereby minimizing any adverse effects of
furnace through the use of multiple combustion zones. b " | bust 4 boil ;
The main combustion zone uses 70-80% of the total heat- .on ‘,3 cy(.: one combus or andbol gr .per ormance.
This project involved retrofitting an existing

equivalent fuel input to the boiler and slightly less than . . i
. o 100-MWe cyclone boiler that is representative of a large
normal combustion air input. The balance of the coal ) ,
population of cyclone units.

lllinois Basin bituminous (Lamar), 1.15% sulfur,
1.24% nitrogen

Powder River Basin (PRB) subbituminous, 0.27% sulfur
0.55% nitrogen

Project Funding (20-30%), along with significantly less than the theoreti-
Total project cost $13,646,609 100% cally determined requirement of air, is fed to the

DOE 6,340,788 46 reburning zone above the cyclones to create an oxygen-
Participant 7,305,821 54  deficient condition. The NCformed in the cyclone
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Calendar Year

1988
3 411 2 3 4 1 2 3 4 1 2 3 4

1998

DOE selected project
(CCT-Il) 9/28/88

Cooperative agreement
awarded 4/2/90

9/88 4/90 12/91 3/94
| Preaward | Design and Construction Operation
A A A A A A
Project completed/final report issued 3/94
Operation

Operation
initiated 12/91

Construction completed 11/91

Preoperational tests initiated 11/91

Environmental monitoring plan completed 11/18/91
Design completed 6/91

NEPA process completed (EA) 2/12/91

Ground breaking/construction started 11/90

completed 12/92

Results Summary .

Environmental

+ Coal Reburn achieved greater than 50% Rluction
at full load with Lamar bituminous and PRB subbitu-
minous coals.

» Reburn-zone stoichiometry had the greatest effect on
NO, control.

(]
e Gas recirculation was vital to maintaining reburn-zone
stoichometry while providing necessary burner cool-
ing, flame penetration, and mixing.

» Opacity levels and electrostatic precipitator (ESP)
performance were not affected by Coal Reburn with
either coal tested.

e Optimal Coal Reburn heat input was 29-30% at full
load and 33—-35% at half to moderate loads.
Operational

* No major boiler performance problems were experi-
enced with Coal Reburn operations.

Environmental Control Devices

Boiler turndown capability was 66%, exceeding the Economic

50% goal. « Capital costs for 110- and 605-MWe plants were

ESP efficiency improved slightly during Lamar coal
testing and did not change with PRB coal. .

Coal fineness levels above the nominal 90% through
200 mesh were maintained, reducing unburned carbon
losses (UBCL). .

UBCL was the only major contributor to boiler effi-
ciency loss, which was 0.1, 0.25, and 1.5% at loads of
110-, 82-, and 60-MWe, respectively, when using
Lamar coal. With PRB coal, the efficiency loss ranged
from zero at full load to 0.3% at 60-MWe.

Superior flame stability was realized with PRB coal,
contributing to better NQcontrol than with Lamar
coal.

Expanded volumetric fuel delivery with reburn burners
enabled switching to PRB low-rank coal without
boiler derating.

$66/kW and $43/kW, respectively.

Levelized 10- and 30-year busbar power costs for a
110-MWe plant were 2.4 and 2.3 mills/kWh, respec-
tively.

Levelized 10- and 30-year busbar power costs for a
605-MWe plant were 1.6 and 1.5 mills/lkWh, respec-
tively. (Costs are in 1990 constant dollars.)
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Project Summary the most critical factor in changing N@missions _
Although cyclone boilers represent only 15% of the pre-levels. The reburn-zone stoichiometry can be varied|
NSPS coal-fired generating capacity, they contribute 2142y alternating the air flow quantities (oxygen avail-
of the NQ formed by pre-NSPS coal-fired units. This is ability) to the reburn burners, the percent reburn heaf
due to the cyclone combustor’s inherent turbulent, high-input, the gas recirculation flow rate, or the cyclone
temperature combustion process. Consequently, cyclorgoichiometry.
boilers are targeted for N@eduction under the CAAA Hazardous air pollutant (HAP) testing was per-
and state implementation plans. However, at the time formed using Lamar test coal. HAP emissions were
of this demonstration, there was no cost-effective com- generally well within expected levels, and emissions
bustion modification available for cyclone boiler with Coal Reburn were comparable to baseline opera
NO, control. tion. No major effect of reburn on trace-metals parti-
Babcock & Wilcox Coal Reburn offers an economic tioning was discernible. None of the 16 targeted
and operationally sound response to the environmental polynuclear aromatic semi-volatile organics (con-
impetus. This technology avoids cyclone combustor  trolled under Title Il of CAAA) was present in de-
modification and associated performance complicationstectable concentrations, at a detection limit of 1.2
and provides an alternative to post-combustion b-  parts per billion.
trol options, such as SCR, having relatively higher Capit%perational Performance

and/or operating costs. For Lamar coal, the full-, medium-, and low-load effi-

) The mfijor!ty OT the testing was perforrnfed f'r'.ng ciency losses, due to unburned carbon, were 0.1, 0.25,
lllinois Basin bituminous coal (Lamar), as it is typical of and 1.5%

the coal used by many utilities operating cyclones. Sub-
bituminous PRB coal tests were performed to evaluate the
effect of coal switching on reburn operation. Wisconsin

Power and Light’s strategy to meet Wisconsin’s sulfur
emission limitations as of January 1, 1993, was to fire Exhibit 21
low-sulfur coal.
Coal Reburn Test Results
Environmental Performance
Three sequences of testing of Coal Reburn used Lamar Boiler Load
coal. Parametric optimization testing was used to set upp 110-MWe  82-MWe  60-MWe
the automatic controls. Performance testing was run with
o . . Lamar coal
the unit in full automatic control at set load points. Long- )
. . . . NO, (Ib/1C Btu/% reduction) 0.39/52 0.36/50 0.44/36
term testing was performed with reburn in operation x o
while the unit followed system load demand require- Boiler efficiency losses dueto 0.1 0.25 15
. Lo unburned carbon (%)
ments. PRB coal was tested by parametric optimization _ )
and performance modes. Exhibit 21 shows changes in Powder River Basin coa.l
NO, emissions and boiler efficiency using the reburn NO, (Ib/10°Btu/% reduction)  0.34/55 0.31/52 0.30/53
system for various load conditions and coal types. Boiler efficiency losses due 0.0 0.2 0.3
Coal Reburn tests on both the Lamar and PRB coals {© unburned carbon (%)

indicated that variation of reburn-zone stoichiometry was
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A Wisconsin Power and Light Company’s Nelson Dewey
Station hosted the successful demonstration of Coal Reburn.

were 0.0, 0.2, and 0.3%, respectively. Coal Reburn
burner flame stability improved with PRB coal.

During Coal Reburn operation with Lamar coal, the
higher, respectively, than the baseline. Full-, operators continually monitored boiler internals for in-
medium-, and low-load efficiency losses with PRB coal creased ash deposition and the on-line performance moni-
toring system for heat transfer changes. At no time

throughout the system optimization or
long-term operation period were any
slagging or fouling problems observed.
In fact, during scheduled outages,
internal boiler inspections revealed that
boiler cleanliness had actually im-
proved. Extensive ultrasonic thickness
measurements were taken of the fur-
nace wall tubes. No observable de-
crease in wall tube thickness was mea-
sured.

Another significant finding was
that Coal Reburn minimizes and possi-
bly eliminated a 0—25% derating nor-
mally associated with switching to
subbituminous coal in a cyclone unit.

Environmental Control Devices



A The coal pulverizer is part of Babcock & Wilcox Coal

costs per ton of NOremoved were developed for 110-
and 605-MWe plants over both 10 and 30 years. The
results of these analyses are shown in Exhibit 22. The
values assumed typical retrofit conditions and did not
take into account any fuel savings from use of low-rank

coal. The pulverizers and associated coal handling were
taken into account. Site-specific parameters that can
significantly impact these retrofit costs included the statg

of the existing control system, availability of flue gas
recirculation, space for coal pulverizers, space for rebur|
burners and overfire air ports within the boiler, scope of
coal-handling modification, sootblowing capacity, ESP
capacity, steam tempéuae control capacity, and boiler
circulation considerations.

Commercial Applications
Coal Reburn is a retrofit technology applicable to a wide
range of utility and industrial cyclone boilers. The cur-

rent U.S. Coal Reburn market is estimated to be approx|

mately 26,000-MWe and to consist of about 120 units
ranging from 100- to 1,150-MWe with most in the

100-300-MWe range. °

Exhibit 22
e Coal Reburn Economics
(1990 Constant Dollars)
Plant Size
| Costs 110-MWe 605-MWe
Total capital cost ($/kW) 66 43
evelized busbar power
cost (mills/kWh)
10-year life 2.4 1.6
30-year life 2.3 15
Annualized cost
($/ton of NQ removed)
10-year life 1,075 408
30-year life 692 263
References

Demonstration of Coal Reburning for Cyclone Boiler

The project technology has been retained by Wiscon- NO, Controt Final Project ReportReport No. DOE/

sin Power and Light for commercial use.

Reburn. This system has been retained by Wisconsin Powgntacts

and Light for NQ emission control at the Nelson Dewey
Station.

This derating results from using a lower Btu fuel in a

cyclone combustor, which has a limited coal feed capac-

ity. The Coal Reburn system transferred about 30% of
the coal feed out of the cyclone to the reburn burners,
bringing the cyclone feed rate down to a manageable
level, while maintaining full-load heat input to the unit.

Economic Performance

An economic analysis of total capital and levelized rev-

enue requirements was conducted using the “Electric

Dot K. Johnson, (330) 829-7395
McDermott Technologies, Inc.
1562 Beeson Street

Alliance, OH 44601

(330) 821-7801 (fax)
dot.k.johnson@mcdermott.com

Lawrence Saroff, DOE/HQ, (301) 903-9483 °

John C. McDowell, FETC, (412) 892-6237

Power Research Institute Economic Premises” for retrofit

of 110- and 605-MWe plants. In addition, annualized

Environmental Control Devices

PC/89659-T16. The Babcock & Wilcox Company.
February 1994. (Available from NTIS as
DE94013052, Appendix 1 as DE94013053,
Appendix 2 as DE94013054.)

¢ Public Design Report: Coal Reburning for Cyclone

Boiler NQ, Control. The Babcock & Wilcox Com-
pany. August 1991. (Available from NTIS as
DE92012554.)

Comprehensive Report to Congress on the Clean Coal
Program: Demonstration of Coal Reburning for
Cyclone Boiler NOControl (The Babcock & Wilcox
Company). Report No. DOE/FE-0157. U.S. Depart-
ment of Energy. February 1990. (Available from
NTIS as DE90008111.)
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Full-Scale Demonstration of
Low-NO  Cell Burner Retrofit

Project completed.

Participant
The Babcock & Wilcox Company

Additional Team Members

The Dayton Power and Light Company—cofunder and
host

Electric Power Research Institute—cofunder

Ohio Coal Development Office—cofunder

Tennessee Valley Authority—cofunder

New England Power Company—cofunder

Duke Power Company—cofunder

Allegheny Power System—cofunder

Centerior Energy Corporation—cofunder

Location
Aberdeen, Adams County, OH (Dayton Power and Light

BOILER
WINDBOX
ELECTROSTATIC
PRECIPITATOR
SECONDARY
AIR PORT
H
LOW-NOx 9 AS STACK
CELL BURNER _ - SECONDARY
= —={d AIR PORT

SYSTEM /\‘—'I

N
e

FLY ASH TO DISPOSAL
COAL

AR AR
LOW-NO,
CELL BURNER
SYSTEM

BOTTOM ASH

Company’s J.M. Stuart Plant, Unit No. 4)

Technology
The Babcock & Wilcox Company’s low-N@ell burner
(LNCB®) system

Plant Capacity/Production
605-MWe

Coal
Bituminous, medium sulfur

Project Funding

Total project cost $11,233,392 100%
DOE 5,442,800 48
Participant 5,790,592 52

LNCB is a registered trademark of The Babcock & Wilcox Company.
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Project Objective the air is directed to the upper port of each cell to com-
To demonstrate, through the first commercial-scale full plete the combustion process. The fuel-bound nitrogen
burner retrofit, the cost-effective reduction of Nébm a  compounds are converted to nitrogen gas, and the re-
large baseload coal-fired utility boiler with LNCBech-  duced flame temperature minimizes the formation of
nology; to achieve at least a 50% N@®duction without  thermal NQ.

degradation of boiler performance at less cost than that of The demonstration was conducted on a Babcock &
conventional low-NQburners. Wilcox-designed, supercritical, once-through boiler
equipped with an electrostatic precipitator (ESP). This

The LNCE® technology replaces the upper coal nozzle Oymt, which is typical of cell burner. boilers, contaln.e.d 24
. . two-nozzle cell burners arranged in an opposed-firing
the standard two-nozzle cell burner with a secondary air . . .
. configuration. Twelve burners (arranged in two rows of
port. The lower burner coal nozzle is enlarged to the ) .
. . six burners each) were mounted on each of two opposing
same fuel input capacity as the two standard coal nozzlés. .
. walls of the boiler. All 24 standard cell burners were
The LNCB" operates on the principle of staged Combus_removed and 24 new LNCBwere installed. Alternate
tion to reduce NQemissions. Approximately 70% of the ’
total air (primary, secondary, and excess air) is supplied

LNCB® on the bottom rows were inverted, with the air
through or around the coal-feed nozzle. The remainder

Technology/Project Description

%(%rt then being on the bottom to ensure complete com-

bustion in the lower furnace.
Environmental Control Devices



Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 411 2 3 4 2 3 411 2 3 1 2 3 2 3 411 2 3 2 3 4|1 2 3 2 3 1 2
12/89 10/90 Design and 12/91 12/95
| Preaward | Construction Operation
A A
Project completed/final report issued 12/95
Operation Operation completed 4/93

DOE selected project initiated 12/91
(CCT-Illy 12/19/89

Construction completed 11/91
Preoperational tests initiated 11/91

NEPA leted (MTF) 8/10/90
process completed ( ) Ground breaking/construction started 9/91

Environmental monitoring plan
completed 8/9/91

Cooperative agreement
awarded 10/11/90

Design completed 10/90

Results Summary Operational

Environmental ¢ Unit efficiency remained essentially unchanged.

Unburned carbon losses (UBCL) increased by ap-
proximately 28% for all tests, but boiler efficiency loss
was offset by a decrease in dry gas loss due to a lower
boiler economizer outlet gas temperature.

¢ Short-term optimization testing (all mills in service)
showed NQreductions in the range of 53.0-55.5%,
52.5-54.7%, and 46.9-47.9% at loads of 605-MWe,

460-MWe, and 350-MWe, respectively.
Boiler corrosion with LNCB was roughly equivalent

* Long-term testing at full load (all mills in service) . . i ;
to boiler corrosion rates prior to retrofit.

showed an average N@eduction of 58% (over

8 months). Economic

* Long-term testing at full load (one mill out of service)« Capital cost for a 600-MWe plant was $9/kW
showed an average N@duction of 60% (over (19949%).

8 months). ¢ Levelized cost for a 600-MWe plant was estimated at

* CO emissions averaged 28-55 ppm at full load with  0.284 mills/kWh and $96.48/ton of N@moved.

LNCB® in service.

¢ Fly ash increased, but ESP performance remained
virtually unchanged.
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Environmental Performance
The initial LNCB® configuration
resulted in excessive CO angSH
emissions. Through modeling, a
revised configuration was developeo
to address the problem without
compromising boiler performance.
The modification was incorporated
and validated model capabilities.
Following parametric testing to
establish optimal operating modes, a
series of optimization tests were
conducted on the LNCBto assess
environmental and operational per-
formance. Two sets of measure-
ments were taken, one by Babcock
& Wilcox and the other by an inde-
pendent company, to validate data

A Dayton Power and Light Company’s J.M. Stuart Plant hosted the successfuccuracy. Consequently, the data

demonstration of LNCBtechnology. provided is a range reflecting the
_ two measurements.
Project Summary The average NQOemissions reduction achieved at

Utility boilers equipped with cell burners currently com- fyll load with all mills in service ranged from 53.0—
prise 13% or approximately 23,000-MWe of pre-NSPS 55 50,. With one mill out of service at full load, the
coal-fired generating capacity. Cell burners are designegverage NOQreduction ranged from 53.3-54.5%. Aver- A The LNCE® is viewed from within the boiler.

for rapid mixing of the fuel and air. The tight burner  age NQ reduction at intermediate load (about 460-MWe)

spacing and rapid mixing minimize the flame size while ranged from 52.5-54.7%. At low loads (about 350- intermediate, and low loads. The range of CO emissions
maximizing the heat release rate and unit efficiency. MWe), average NOreduction ranged from 46.9-47.9%. at full load with all mills in service was 28-55 ppm and
Combustion efficiency is good, but the rapid heat releasmoX emissions were monitored over the long-term at full20-38 ppm with one mill out of service. At intermediate

produces relatively large quantities of NO load for all mills in service and one mill out of service. loads (about 460-MWe), CO emissions were 28—45 ppm
To reduce NQemissions, the LNCBhas been Each test spanned an 8-month period., Bi@ission and at low loads (about 350-MWe), 5-27 ppm.

designed to stage mixing of the fuel and combustion airreductions realized were 58% for all mills in service and Particulate emissions were minimally impacted. The

A key design criterion was accomplishing delayed fuel-aifbout 60% for one mill out of service. LNCB® had little effect on flyash resistivity, largely due

mixing with no modifications to waterwall panels. A Complications arose in assessing CO emissions 0 SQ injection, and therefore ESP removal efficiency

plug-in design reduces material costs and outage time relative to baseline because baseline calibration was notemained very high. Baseline ESP collection efficiencies
required to complete the retrofit, compared to installing refined enough. However, accurate measurements weréor full load with all mills in service, full load with one
conventional, internally staged low-NOurners. LNCB  made with LNCB in service. Carbon monoxide emis- mill in service, and intermediate load with one mill out of
provides a lower cost alternative to address N@uction sions were corrected for 3.0% énd measured at full, service were 99.50, 99.49, and 99.81%, respectively. For
requirements for cell burners. the same conditions, in the same sequence with I*NCB
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in operation, ESP collection efficiencies were 99.43, target, the estimated capital cost
99.12, and 99.35%, respectively. was $9/kW (1994 $). The
Operational Performance Ievglized cost of elect.ricity was
. estimated at 0.284 mills/kwWh or

Furnace exit gas temperature, or secondary superheater,
inlet temperature, initially decreased by 100 °F but even-$96'48/ton of NQremoved.
tually rose to within 10 °F of baseline conditions. Commercial Applications

The UBCL increased by approximately 28% for all The low cost and short outage
tests. The most significant increase from baseline data time for retrofit make the
occurred for a test with one mill out of service. A 52% LNCB® design the most cost-
increase in UBCL resulted in an efficiency loss of 0.69%effective NQ control technology

Boiler efficiency showed very little change from available today for cell burner
baseline. The average for all mills in service increased lpilers. The LNCB system can
0.16%. The higher post-retrofit efficiency was attributedbe installed at about half the cos
to a decrease in dry gas loss with lower economizer gasand time of other commercial
outlet temperature (and subsequent lower air heater gasgow-NO_burners.
outlet temperature), offsetting UBCL and CO emission Dayton Power & Light has A The connections to the LNCBre viewed from outside the boiler.
losses. Also, increased coal fineness mitigated UBCL. retained the LNCBfor use in

Because sulfidation is the primary corrosion mecha-commercial service. Seven commercial contracts have
nism in substoichiometric combustion of sulfur-contain- been awarded for 172 burners, valued at $24 million. + Final Report: Full-Scale Demonstration of Low-NO
ing coal, HS levels were monitored in the boiler. After LNCB®have already been installed on more than 4,600-  Cell Burner Retrofit. Report No. DOE/PC/90545-T2.

References

optimizing LNCB® operation, levels were largely at the MWe of capacity. The Babcock & Wilcox Company. December 1995.
lower detection limit. There were some higher local The demonstration project receivie&D magazine’s (Available from NTIS as DE96003766.)
readings, but corrosion panel tests established that corr@994 R&D Award. « Public Design Report: Full-Scale Demonstration of
sion rates with LNCB were roughly equivalent to pre- Contacts Low-NO, Cell Burner Retrofit Report No. DOE/PC/
retrofit rates. o N ot K. Johnson, (330) 829-7395 90545-T4. The Babcock & Wilcox Company. August
Ash sample analyses indicated that ash .depo.smon McDermott Technologies, Inc. 1991. (Available from NTIS as DE92009768.)
would not be a pr.oblem. The LNCRsh was little dif- . 1562 Beeson Street » Comprehensive Report to Congress on the Clean Coal
fgrent from basglme ash. Fu.rthermore, the small varia- Alliance, OH 44601 Technology Program: Full-Scale Demonstration of
tions f)bserved " fu.rna.ce exit .gas tempergture between (330) 821-7801 (fax) Low-NQ, Cell-Burner Retrofit. The Babcock & Wil-
basel!ne and LNCBindicated little change |.n furnace dot.k.johnson@mcdermott.com cox Company. Report No. DOE/FE-0197P. U.S.
f;i?g(;n&/ Csotr?\;:?g;nitbr\lnggwn of the unit were unaf- Lawrence Saroff, DOE/HQ, (301) 903-9483 Department of Energy. July 1990. (Available from
James U. Watts, FETC, (412) 892-5991 NTIS as DE90018026.)

Economic Performance

The economic analyses were performed for a 600-MWe
nominal unit size and typical location in the midwest
United States. A medium-sulfur, medium-volatile bitumi-
nous coal was chosen as the typical fuel. For a baseline
NO,_emission level of 1.2 Ib/2@tu and a 50% reduction
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BURNOUT ZONE
i ; BOILER

Evaluation of Gas Reburning
and Low-NO | Burners on a
Wall-Fired Boiler S ONOMIZER

OVERFIRE AIR —» D REBURN ZONE
Project completed. BAGHOUSE

NATURAL GAS ——— D R

Participant RECIRCULATED
Energy and Environmental Research Corporation FLUE GAS STACK

WINDBOX
Additional Team Members COAL —» |
Public Service Company of Colorado—cofunder and hopt AIR — e CgMRlIBI\(IJg%\gN ;
Gas Research Institute—cofunder LOW-NO, / ZONE m
Colorado Interstate Gas Company—cofunder BURNERS
Electric Power Research Institute—cofunder TO DISPOSAL
Foster Wheeler Energy Corp.—technology supplier
Location
Denver, Adams County, CO (Public Service Company o ASH

Colorado’s Cherokee Station, Unit No. 3)

Technology

Energy and Environmental Research Corporation’s
gas-reburning (GR) system

Foster Wheeler Energy Corp.’s Low-N@urners (LNB)

(GR-LNB); and to assess the impact of GR-LNB on  out the use of recirculated flue gas and with optimized
boiler performance. overfire air.
A series of parametric tests were performed on the

Technology/Project Description ] ) .
Gas reburning involves firing natural gas (up to 25% of gas reburning system, varying operational control param-
eters, and assessing the effect on boiler emissions, com-

Coal total heat input) above the main coal combustion zone inI ; ¢ busti bon-i h) th | offi
Colorado bituminous, 0.40% sulfur, 10% ash a boiler. This upper-level firing creates a slightly fuel- p.e eness of combustion (carbon-in-ash), erma. et

. e . ciency, and heat rate. A one-year, long-term testing pro-
rich zone. NQdrifting upward from the lower region of . . .

the furnace is stripped of oxygen as the reburn fuel is gram was performed in order to judge the consistency of

Project Funding

Total project cost 17,807,258 100% . . . i - i
prol $ ’ combusted in this zone and converted to molecular n|tros-yStem Ol,JtPUtS' gssess the.|mpact (,)f Iong term opgraﬂon

DOE 8,895,790 >0 gen. Low-NO burners positioned in the coal combustion " the boiler equipment, gain experience in operating

Participant 8,911,468 ' %

. . . GR-LNB in a normal load-following environment, and
zone retard the production of N@y staging the burning . .
. N R develop a database for use in subsequent GR-LNB appli-
Project Objective process so that the coal-air mixture can be carefully Conéations Both first- and second-generation gas-reburnin
To attain up to a 70% decrease in the emissions of NO trolled at each stage. The synergistic effect of adding a J g g d
- . . o . . . . . tests were performed.
from an existing wall-fired utility boiler firing low-sulfur  reburning stage to wall-fired boilers equipped with low-
coal using both gas reburning and low-Nfirners NO, burners was intended to lower Némissions by up

to 70%. Gas reburning was demonstrated with and with-

Plant Capacity/Production
172-MWe (gross), 158-MWe (net)
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Calendar Year

*%k

1988 1989 1990 1991 1992 1993 1994 1995 1996 1998 1999
3 411 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 2 3 2 3 4|1 2 3 4 2 3 4| 1 2
12/89 10/90 11/92 10/98
Preaward Design and Construction Operation
A A AA
Restoration

Design completed 8/91
Ground breaking/construction started 6/91
Cooperative agreement awarded 10/13/90
NEPA process completed (MTF) 9/6/90
Environmental monitoring plan completed 7/26/90
DOE selected project (CCT-IIl) 12/19/89

Operation initiated 11/92 completed 11/95

Construction
completed 11/92

Operation completed 1/95

Project completed/final

Long-term operations started 4/93 report issued 10/98

**Years omitted

Results Summary

Environmental

+ LNB alone reduced NQemissions from a pre-con-

struction baseline of 0.73 Ib/ABtu to 0.46 |b/10Btu

(at 3.5% Q), a 37% NQreduction.

» First-generation GR, which incorporated flue gas

recirculation, in combination with LNB, reduced NO
emissions to an average 0.25 16/Bfu (at 3.25% Q),
a 66% NQ reduction at an 18% gas heat input rate. .

e Second-generation GR, without flue gas recirculation,

in combination with LNB reduced N@missions to

an average 0.26 Ib/1®tu, a 64% NOQreduction with

only 12.5% gas heat input.

» Both first- and second-generation GR with LNB were

capable of reducing N@&missions by up to 70%

for short periods of time, the average was approxi-

mately 65%.

Environmental Control Devices

Operational

Economic

After modifying the overfire air system to enhance ¢ Operating costs were related to the gas/coal cost dif-
penetration and turbulence (as part of second-genera- ferential and the value of S@mission allowances

tion GR), CO emissions were controlled to acceptable because GR reduces S@nissions when

levels at low gas heat input rates. displacing coal.

SQ, emissions and particulate loadings were reducedproject Summary

by the percentage heat input supplied by GR. The demonstration established that GR—LNB offers a

cost-effective option for deep N@eduction on wall-fired
boilers. GR-LNB NQcontrol performance approached
. that of selective catalytic reduction (SCR) but at signifi-
There was no measurable boiler tube wear and only a . .

) cantly lower cost. The importance of cost-effective
small amount of slagging. technology for deep NQeduction is the need for NO
Carbon-in-ash and CO levels were acceptable for firstequction in ozone nonattainment areas beyond what is
and second-generation GR with LNB, but not with  cyrrently projected in Title IV of the CAAA. Title | of
LNB alone. the CAAA deals with ozone nonattainment and is cur-
rently the driving force for deep N@eduction in many
regions of the country.

The GR-LNB was installed and evaluated on a 172-
tIi/IWe (gross) wall-fired boiler—a Babcock & Wilcox
balanced-draft pulverized-coal unit. The GR system,
including an overfire air system, was designed and in-

Boiler efficiency decreased 1.0%.

Capital cost for a GR-LNB retrofit of a 300-MWe
plant is $26.01/kW (1996$) plus the gas pipeline cos
if not in place ($12.14/kW for GR only and $13.87/
kW for LNB only).

Project Fact Sheets 61



stalled by Energy and Environmental Research Corpora10%, NQ emissions were reduced marginally as gas hegt
tion. The LNBs were designed and installed by Foster input increased. Natural gas also reducegedtssions
Wheeler Energy Corp. in proportion to the gas heat input. At the Cherokee
Parametric testing began in October 1992 and was Station, low-sulfur (0.40%) coal is used, and typica) SO
completed in April 1993. The parametric tests examine@missions are 0.65 Ib/AB8tu. With a gas heat input of

Exhibit 23
NO, Data from Cherokee
Station, Unit No. 3

the effect of process variables (such as zone stoichiome20%, SQemissions decreased by 20% to 0.52 IbAid.
ric ratio, percent gas heat input, percent overfire air, and ~ The CQemissions were also reduced as a result of
load) on NQ reduction, SQreduction, CO emissions, using natural gas because it has a lower carbon-to-hydrp-

GR Generation

carbon-in-ash, and heat rates. The baseline performangen ratio than coal. At a gas heat input of 20%, thg CO|
of the LNB was also established. emissions were reduced by 8%.

Long-term testing was initiated in April 1993 and
completed in January 1995. The objectives of the test
were to obtain operating data over an extended period
when the unit was under routine commercial service,

Environmental Performance

At a constant load (150-MWe) and a constant oxygen
level at the boiler exit, NOemissions were reduced with
increasing gas heat input. At gas heat inputs greater th

First Second
Baseline (Ib/10Btu) 0.73 0.73
Avg NOQ, reduction (%)
LNB 37 44
GR-LNB 66 64
Avg gas heat input (%) 18 125

n
%etermine the effect of GR-LNB operation on the unit,

and obtain incremental maintenance and operating costwere met. Boiler efficiency decreased by only 1% during
with GR. During long-term testing, it was determined gas reburning due to increased moisture in the fuel result-
that flue gas recirculation had minimal effect on NO ing from natural gas use. Further, there was no measur-
emissions. able tube wear, and only small amounts of slagging oc-

A second series of tests were added to the demon-curred during the GR-LNB demonstration. However,
stration to evaluate a modified or second-generation  with LNB alone, carbon-in-ash and CO could not be
system. Modifications are summarized below. maintained at acceptable levels.

input compared to the initial design value of 18%.
The removal of the flue gas recirculation systemre-
quired installation of high-velocity injectors, which
made greater use of available natural gas pressure. *
(This modification reduced natural gas usage and thus
operating costs.) .

¢ Overfire air ports were modified to provide higher jet

62 Project Fact Sheets

» The flue gas recirculation system, originally designedgconomic Performance
to provide momentum to the natural gas, was removegr_| NB is a retrofit technology in which the economic
(This change significantly reduced capital costs.)  penefits are dependent on the following site-specific

¢ Natural gas injection was optimized at 10% gas heatfactors:

Gas availability at the site
Gas/coal cost differential
Boiler efficiency

SO, removal requirements

Value of SQ emission credits

Based on the demonstration, GR—LNB is expected to
momentum, especially at low total flows. achieve at least a 64% N@duction with a gas heat
Over 4,000 hours of operation were achieved, with input of 12.5%. The capital cost estimate for a 300-MWe
: . the results as shown in Exhibit 23. Although the 37% wall-fired installation is $26.01/kW (1996 $) plus gas
A A worker inspects the support ring for the Foster NO, reduction performance of LNB was less than the pipeline costs, if required. This cost includes both equip-
Wheeler low-NQ burner installed in the boiler wall. expected 45%, the overall objectives of the demonstratiorent and installation costs and a 15% contingency. The
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GR and LNB system capital costs can be easily separaté&thit No. 1, with options for Unit Nos. 2 and 3 (identical
from one another because they are independent system330-MWe Units); Baltimore Gas & Electric’s C.P. Crane,
The capital cost for the GR system only is estimated at Unit No. 2, with an option for Unit No. 1 (similar 200-
$12.14/kW. The LNB system capital cost is $13.87/kW. MWe Units). Use of the technology also extends to ove
Operating costs are almost entirely related to the seas markets. One of the first installations of the techng
differential cost of natural gas and coal and reduced by ogy took place at the Ladyzkin State Power Station in
the value of the SCemission credits received due to Ladyzkin, Ukraine.
absence of sulfur in the gas. A fuel differential of $1.00/  This demonstration project was one of two that
10° Btu was used because gas costs more than coal on geceived the Air and Waste Management Association’s
heating value basis. Boiler efficiency was estimated to 1997 J. Deanne Sensenbaugh Award.
decline by 0.80%; the cost of this decline was calculatedCOntacts
using a composite fuel cost of $1.67#4Blu. Over-fire
air booster and cooling fan auxiliary loads will be par-
tially offset by lower loads on the pulverizers. No addi-
tional operating labor is required, but there is an increase
in maintenance costs. Allowances were also made for
overhead, taxes, and insurance. Based on these assumy
tions and assuming an $@edit allowance of $95/ton
(Feb. 1996), the net operating cost is $2.14 million per
year and the NOremoval cost is $786/ton (constant References
1996%). + Evaluation of Gas Reburning and Low N&urners
on a Wall-Fired Boiler: Performance and Economics &
Report, Gas Reburning-Low N8urner System, '
Cherokee Station Unit No. 3, Public Service Compa , 4t
of Colorado. Final Report. July 1998. - T oo A P LT

Blair A. Folsom, Sr. V.P., (949) 859-8851, ext. 140
Energy and Environmental Research Corporation
18 Mason
Irvine CA 92618
(949) 859-3194 (fax)

awrence Saroff, DOE/HQ, (301) 903-9483

Jerry L. Hebb, FETC, (412) 892-6079

Commercial Applications

Current estimates indicate that about 35 existing wall-
fired utility installations, plus industrial boilers, could
make immediate use of this technology. The technology - 4 .
can be used in retrofit, repowering, or greenfield installas Guideline Manual: Gas Reburning—Low NBurner A The Public Service Company of Colorado has retained

tions. There is no known limit to the size or scope of the SystemCherokee Station Unit No. 3, Public Service the gas'r?bluming and low-N@urner system for
commercial use.

application of this technology combination. Company of Colorado. Final Report. July 1998.
GR-LNB is expected to be less capital intensive, ore  Evaluation of Gas Reburning and Low NEDIrners tion. June 1995. (Available from NTIS as
less costly, than selective catalytic reduction. GR-LNB  on a Wall-Fired Boiler (Long-Term Testing, April DE95017754.)
functions equally well with any kind of coal. 1993-January 1995)Report No. DOE/PC/90547- . Comprehensive Report to Congress on the Clean Coal
Public Service Company of Colorado, the host util- 720, Energy and Environmental Research Corpora-  Technology Program: Evaluation of Gas Reburning
ity, decided to retain the low-N®urners and the gas- tion. June 1995. (Available from NTIS as and Low-NQBurners on a Wall-Fired BoilerEnergy
reburning system for immediate use; however, a DE95017755.) and Environmental Research Corporation. Report No.

restoration was required to remove the flue gas recircula-

i X Evaluation of Gas Reburning and Low N&urners DOE/FE-0204P. U.S. Department of Energy. Septem-
ion system.

) . on a Wall-Fired Boiler (Optimization Testing, Novem-  ber 1990. (Available from NTIS as DE9100253.)
Energy and Environmental Research Corporation has ber 1992—April 1993).Report No. DOE/PC/90547-
been awarded two contracts to provide gas-reburning

i i i T19. Energy and Environmental Research Corpora-
systems for five cyclone coal-fired boilers: TVAs Allen
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Environmental Control Devices
NO, Control Technology

Demonstration of Selective
Catalytic Reduction
Technology for the Control of
NO, Emissions from High-
Sulfur, Coal-Fired Boilers

Project completed.

Participant
Southern Company Services, Inc.

Additional Team Members

Electric Power Research Institute—cofunder
Ontario Hydro—cofunder

Gulf Power Company—host

Location

Pensacola, Escambia County, FL (Gulf Power Company

Plant Crist, Unit No. 4)

Technology
Selective catalytic reduction (SCR)

Plant Capacity/Production
8.7-MWe equivalent (three 2.5-MWe and six 0.2-MWe
equivalent SCR reactor plants)

Coal
Illinois bituminous, 2.7% sulfur

Project Funding

Total project cost $23,229,729 100%
DOE 9,406,673 40
Participant 13,823,056 60

Project Objective

To evaluate the performance of commercially available
SCR catalysts when applied to operating conditions fourfy!

in U.S. pulverized coal-fired utility boilers using high-

BOILER

ECONOMIZER
BYPASS

/

AMMONIA

rINJECTION

SCR
REACTOR

COAL—>
AR —

ELECTROSTATIC
PRECIPITATOR

AIR
PREHEATE

: ==

TO DISPOSAL

ASH

STACK

Technology/Project Description The project demonstrated, at high- and low-dust
The SCR technology consists of injecting ammonia intoloadings of flue gas, the applicability of SCR technology
boiler flue gas and passing it through a catalyst bed  to provide a cost-effective means of reducing, Mi@is-
where the NQand ammonia react to form nitrogen and sions from power plants burning high-sulfur U.S. coal.
water vapor. The demonstration plant, which was located at Gulf
In this demonstration project, the SCR facility con- Power Company’s Plant Crist near Pensacola, FL, used
sisted of three 2.5-MWe equivalent SCR reactors, sup- flue gas from the burning of 2.7% sulfur coal.
plied by separate 5,000 scfm flue gas slipstreams, and f_'?(e
0.20-MWe equivalent SCR reactors. These reactors were
calculated to be large enough to produce design data tt&tvironmental
will allow the SCR process to be scaled up to commercial N reductions of over 80% were achieved at an
size. Catalyst suppliers (two U.S., two European, and ‘
0 Japanese) provided eight catalysts with various
shapes and chemical compositions for evaluation of

sults Summary

ammonia slip well under the 5 ppm deemed acceptable
for commercial operation.

Flow rates could be increased to 150% of design with-

sulfur U.S. coal under various operating conditions whileP"0¢€SS chemistry and economics of operation during the out exceeding the ammonia slip design level of 5 ppm

achieving as much as 80% N@moval.

64  Project Fact Sheets

demonstration. .
at 80% NQ reduction.
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Calendar Year

1988
3 411 2 3 4 1 2 3 4 1 2 3

1998

9/88
| Preaward

6/90

7/93

Design and Construction

NEPA process
completed
(MTF) 8/16/89

Cooperative agreement

DOE selected project
awarded 6/14/90

(CCT-Il) 9/28/88

A A A

T

Operation

Operation initiated 7/93

Preoperational tests initiated 3/93
Environmental monitoring plan completed 3/11/93
Construction completed 2/93
Design completed 12/92

Ground breaking/construction started 3/92

Operation completed 7/95

11/96

I

Project completed/final
report issued 11/96

* While catalyst performance increased above 700 °F,

the benefit did not outweigh the heat rate penalties.

The SCR process did not significantly affect the re-

sults of Toxicity Characteristic Leaching Procedure

« Increases in ammonia slip, a sign of catalyst deactiva- analysis of the fly ash.

tion, went from less than 1 ppm to approximately

3 ppm over the nearly 12,000 hours of operation, thug eyelized costs for various
demonstrating deactivation in coal-fired units was in >50_MwWe unit-at

line with worldwide experience.

+ Long-term testing showed that S@xidation was

within or below the design limits necessary to protect

downstream equipment.

Operational

» Fouling of catalysts was controlled by adequate
sootblowing procedures.

a problem.

however, solutions were identified.

Environmental Control Devices

Economic

1
ZoU-IVIvve urh

1996 levelized cost (mills/kwWh)
1996 levelized cost ($/ton)

40% 60% 80%
239 257 279
3,502 2,500 2,036

Project Summary

The demonstration tests were designed to address sev
uncertainties, including potential catalyst deactivation due
* Long-term testing showed that catalyst erosion was netpoisoning by trace metals species in U.S. coals, perfor-

baskets to match predetermined reactor dimensions, pro-
vide a maximum of four catalyst layers, and meet the
following reactor baseline conditions:

Parameter
Maximum

Temperature®F)

NH_/NO, molar ratio

Space velocity
(1% design flow)

Flow rate (scfm)
Large reactor
7,500
Small reactor

ral
Fait

Minimum Baseline
620 700 750
0.6 0.8 1.0
60 100 150
3,000 5,000
240 400 600

The catalysts tested are listed in Exhibit 24. Catalyst

mance of technology and effects on the baIance-of-pIan?Uppllers were given great latitude in providing the
« Air preheater performance was degraded because ofequipment in the presence of high amounts of &

ammonia slip and subsequent by-product formation; SO,, and performance of the SCR catalyst under typical Environmental Results
U.S. high-sulfur coal-fired utility operating conditions.
Catalyst suppliers were required to design the catalyst operation of commercial SCR, was usua/ppm be-

amount of catalyst for this demonstration.

Ammonia slip, the controlling factor in the long-term

Project Fact Sheets 65



not outweigh the heat rate penalties in- Other findings from the demonstration can be sum-

Exhibit 24 volved in operating SCR at the higher marized as follows:
Catalysts Tested temperatures. + Pressure Drop. Overall reactor pressure drop was a
Catalyst deactivation was generally function of the catalyst geometry and volume, but tests
Catalyst Reactor Size* Catalyst Configuration observed by an increase in ammonia slip o determine which one was controlling were
over time, assuming the N@eduction inconclusive.
Nippon/Shokubai Large Honeycomb efficiency was held constant. Over the

Fouling. The fouling characteristics of the catalyst

Siemens AG Large Plate 12,000 hou.rs Of, th? de.monstr.atlon tests, were important to long-term operation. During the
W.R. Grace/Noxeram  Large Honeycomb the ammonia slip did, in fact, increase from demonstration, measurements showed relatively level
W.R. Grace/Synox ~ Small Honeycomb less than 1 ppm to approximately 3 ppm. pressure drop over time, indicating that sootblowing
Haldor Topsoe Small Plate Ig'sjes;e(f:sl?sr?E?J?S;iaéiictz\?a?s:]u;gsc:; procedures were effective. The plate-type configura-
Hitachi/Zosen Small Plate . y. . 9 : : tions had somewhat less fouling potential than did the

) line with prior worldwide experience. . .
Cormetech/High dust  Small Honeycomb . honeycomb configuration, but both were acceptable

It has been observed that the catalytic o

Cormetech/Low dust ~ Small Honeycomb for application.

active species that results in N@duction

* Large = 2.5-MWe; 5,000 scfm  Small = 0.2-MWe; 400 scfm often contributed to SQbxidation (i.e., . E.ros..if)n. Catalyst erosion was not considereq to be a
significant problem because most of the erosion was

attributed to aggressive sootblowing.

SQ, formation), which can be detrimental
to downstream equipment. In general, NO

cause of plant and operational considerations. Ammonia . .

. P P ) reduction can be increased as the tolerance fQisS#lso * Air Preheater Performance. The demonstration
slip was dependent on catalyst exposure time, flow rate,mcreased The upper bound for SRidation for the showed that the SCR process exacerbated performance
temperature, NEINO, distribution, and NEINO, ratio ) pp 2

i 9 i i-degradation of the air preheaters mainly due to ammo-
(NO_ reduction). Changes in NANO. ratio and conse- demonstration catalyst was set at 0.75% at baseline condi-deg p y

. . tions. The average SOxidation rate for each of the
qguently NQ reduction generally produced the most sig- i ) o
o * . T . catalysts is shown in Exhibit 25. These data reflect
nificant changes in ammonia slip. The ammonia slip at

. L baseline conditions over the life of the demonstration. Exhibit 25
60% NOQ reduct t the detect limit of . :
o N reduction was at or near the aetection Imit ot - ¢ o catalysts were within design limits, with most Average SO . Oxidation Rate
1 ppm. As NQreduction was increased above 80%, 2

o . . Iexhibiting oxidation rates below the design limit. Other (Baseline)
ammonia slip also increased and remained at reasonablé

levels up to NOreductions of 90%. Over 90%, the am- factors affecting SQoxidations are listed below:

» Flow Rate. Most of the catalysts exhibited fairly Average SQOxidation (%)

monia slip levels increased dramatically. 12

The flow rate and temperature effects on Keluc- constant SQoxidation with respect to flow rate (i.e., High
tion were also measured. In general, flows could be space velocity). In theory, SOxidation should be 1o N élifage
increased to 150% of design without the ammonia slip  inversely proportional to flow rate. 08 baseline dosign valne
exceeding 5 ppm at 80% N@duction and design tem- « Temperature. Theoretically, the relationship between 06 T
perature. With respect to temperature, most catalysts SO, oxidation and temperature should be exponential e
exhibited fairly significant improvements in overall per- as temperature increases; however, measurements 04
formance as temperatures increased from 620 °F to showed the relationship to be linear with little differ- 02 <‘>
700 °F but relatively little improvement as temperature ence in SQoxidation between 620 °F and 700 °F. On ol _L | | 4, |
increased from 700 °F to 750 °F. The conclusion was that the other hand, between 700 °F and 750 °F, the SO Noxeram Siemens  Corm. 11D itachi

. . . . . . . g NSKK Synox Haldor Corm, LD

the benefits of high-temperature operation probably do  oxidation increased more significantly. NH/NO, = 0.8, 700°F, design flow
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Commercial Applications

As a result of this demonstration, SCR technology has
been shown to be applicable to existing and new utility
generating capacity for removal of Nfdom the flue gas

of virtually any size boiler. There are over 1,000 coal-
fired utility boilers in active commercial service in the
United States; these boilers represent a total generating
capacity of approximately 300,000-MWe.

nia slip and subsequent by-product formation. Regen-  Results of the economic analysis of capital, O&M,
erator-type air heaters outperformed recuperators in and levelized cost for various N@&moval efficiencies
SCR applications in terms of both thermal perfor-  for a 250-MWe unit with 0.35 Ib/£®tu of inlet NQ are
mance and fouling. as follows:

¢ Ammonia Volatilization. The ammonia volatilized
from the SCR flyash when a significant amount of
water was absorbed by the ash. This was caused by Capital cost ($/kW)
the formation of a moist layer on the ash with a pH  operating costs ($)
high enough to convert the ammonia compounds in
the ash to gas-phase ammonia.

40% 60% 80%
52 54 57
926,000 1,045,000 1,181,000

Contacts
Larry Monroe, (205) 257-7772

Southern Company Services, Inc.

P.O. Box 2625

Birmingham, AL 35202-2625
For retrofit applications, the estimated capital costs (205) 257-5367 (fax)
Economic Results were $59-112/kW, dependi,ng on the size of the insta”a_Lawrence Saroff, DOE/HQ, (301) 903-9483

. . . S . James U. Watts, FETC, (412) 892-5991

An economic evaluation was performed for full-scale  tion and the difficulty and scope of the retrofit. The
applications of SCR technology to a new 250-MWe pul- levelized costs for the retrofit applications were References
verized coal-fired plant located in a rural area with mini-$1,850-5,100/ton (current 1996 $). .
mal space limitations. The fuel considered was high-
sulfur lllinois No. 6 coal. Other key base case design

1996 levelized cost

mill/lkwh
$/ton

2.39
3,502

2.57
2,500

2.79

» Toxicity Characteristic Leaching Procedure 5036

(TCLP) Analysis. TCLP analyses were performed on
flyash samples. The SCR process did not significantly
affect the toxics leachability of the fly ash.

Control of Nitrogen Oxide Emissions: Selective Cata-
lytic Reduction (SCR)Topical Report No. 9. U.S.
Department of Energy and Southern Company Ser-

criteria are shown in Exhibit 26. Exhibit 26 vices, Inc. July 1997.

Re;ults of the economic analys.|s of capital, operatiig Design Criteria + Maxwell, J. D., et al. “Demonstration of SCR Tech-
and maintenance (O&M), and levelized cost based on a nology for the Control of NOEmissions from High-
30-year p.rOject life- for varlou§ .unlt sizes for an SCR Parameter Specification Sulfur Coal-Fired Utility Boilers.”Fifth Annual Clean

% follow: P
system with a Noremoval efficiency of 60% follow: Coal Technology Conference: Technical Papers
Type of SCR Hot side January 1997.

125-MWe 250-MWe 700-MWe

Capital cost ($/kW) 61 54 45

Operating cost ($) 580,000 1,045,000 2,667,000
1996 levelized cost

mills/kWh 2.89 2.57 2.22

$/ton 2,811 2,500 2,165

Number of reactors
Reactor configuration
Initial catalyst load
Range of operation
NO, inlet concentration
Design NQ reduction
Design ammonia slip
Catalyst life

Ammonia cost

SCR cost

One

3 catalyst support layer
2 of 3 layers loaded
35-100% boiler load
0.35 Ib/t®tu

60%

5 ppm
16,000 hr

$250/ton

$400At

°2

Environmental Control Devices

Demonstration of SCR Technology for the Control of
NO, Emissions from High-Sulfur Coal-Fired Utility
Boilers: Final Report.Vol. 1. Southern Company
Services, Inc. October 1996. (Available from NTIS,
Vol. 1 as DE97050873, Vol. 2: Appendixes A—N as
DE97050874, and Vol. 3: Appendixes O-T as
DE97050875.)

Economic Evaluation of Commercial-Scale SCR Ap-
plications for Utility Boilers. Southern Company
Services, Inc. September 1996. (Available from NTIS
as DE97051156.)
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Environmental Control Devices
NO, Control Technology

180-MWe Demonstration of
Advanced Tangentially-Fired
Combustion Techniques for the
Reduction of NO , Emissions
from Coal-Fired Boilers

Project completed.

Participant
Southern Company Services, Inc.

Additional Team Members

Gulf Power Company—cofunder and host

Electric Power Research Institute—cofunder

ABB Combustion Engineering, Inc.—cofunder and tech{
nology supplier

Location
Lynn Haven, Bay County, FL (Gulf Power Company’s
Plant Lansing Smith, Unit No. 2)

BOILER

ECONOMIZER

ADVANCED
OVERFIRE AIR ELECTROSTATIC
ELECTROSTATIC
PORTS PRECIPITATOR

PRECIPITATOR

AR
PREHEATER

COMBUSTION

Iy
Al
AIR

AR I STACK
R —
WINDBOX —, ! AOFA PORTS
«~——— WINDBOX
., —
PULVERIZED « PULVERIZED
COAL __, « COAL
/ { DRY WASTE TO DISPOSAL
CONCENTRIC
FIRING SYSTEM CONCENTRIC

FIRING SYSTEM

ASH

Technology

ABB Combustion Engineering’'s Low-NQConcentric
Firing System (LNCFS™) with advanced overfire air
(AOFA), clustered coal nozzles, and offset air

Plant Capacity/Production
180-MWe

Coal
Eastern bituminous, high reactivity

Project Funding

Total project cost $9,153,383 100%
DOE 4,440,184 49
Participant 4,713,199 51

LNCFS is a trademark of ABB Combustion Engineering, Inc.
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Project Objective in the LNCFS™ || system. This was an advanced
To demonstrate in a stepwise fashion the short- and longverfire air system that incorporates back pressuring and
term NQ, reduction capabilities of LNCFS™ levels |, Il, flow measurement capabilities. CCOFA and SOFA were
and Il on a single reference boiler. both used in the LNCFS™ |II tangential-firing approach.
Carefully controlled short-term tests were conducted
g™ |evefé’"°""ed by long-term testing under normal load dispatch
conditions. Long-term tests, which typically lasted 2—3
months for each phase, best represent the true emissions
characteristics of each technology. Results presented are
based on long-term test data.

Technology/Project Description

Technologies demonstrated included the LNCF
I, I, and Ill. Each level of the LNCFS™ used different
combinations of overfire air and clustered coal nozzle
positioning to achieve NQeductions. With the
LNCFS™, primary air and coal are surrounded by oxy-
gen-rich secondary air that blankets the outer regions of
the combustion zone. LNCFS™ | used a close-coupled
overfire air (CCOFA) system integrated directly into the
windbox of the boiler. A separated overfire air (SOFA)
system located above the combustion zone was featured

Environmental Control Devices



Calendar Year

1988
3 411 2 3 4 1 2 3 4 1 2 3 4

1994

2 3 411 2 3 4|11 2 3 4| 1 2

1998

Cooperative agreement awarded 9/20/90

Design and Construction

9/88 9/90 5/91 6/94
| Preaward | Operation
I A A T A
OE selected Operation initiated 5/91
roject "
?CCJT-II) Construction Operation completed 12/92
completed 5/91
9/28/88 ¢
NEPA process Design completed 4/91
completed (MTF)
7/21/89 Environmental monitoring
plan completed 12/27/90

Ground breaking/construction started 11/90

Project completed/final report issued 6/94

Results Summary

Environmental

At full load, the NQ emissions using LNCFS™ |, I,
and Ill were 0.39, 0.39, and 0.34 IbfBiu, respec-
tively, which represent reductions of 37, 37, and 45%
from the baseline emissions. °

e Emissions with LNCFS™ were not sensitive to power
outputs between 100- and 200-MWe, but emissions *
increased significantly below 100-MWe, reaching
baseline emission levels at 70-MWe.

» Because of reduced effectiveness at low loads,
LNCFS™ proved marginal as a compliance option for
peaking load conditions.

» Average CO emissions increased at full load.

» Air toxics testing found LNCFS™ to have no clear-cut
effect on the emissions of trace metals or acid gases.
\olatile organic compounds (VOCs) appeared to be
reduced and semi-volatile compounds increased.

Environmental Control Devices

Operational

Loss-on-ignition (LOI) was not sensitive to the

Project Summary
At the time of the demonstration, specific Nénission

LNCFS™ retrofits but very sensitive to coal fineness.regulations were being formulated under the CAAA. The

Furnace slagging was reduced but back-pass fouling

was increased for LNCFS™ Il and IlI.

Boiler efficiency and unit heat rate were impacted
minimally.

Unit operation was not significantly affected, but

operating flexibility of the unit was reduced at low
loads with LNCFS™ |l and III.

Economic

The capital cost estimate for LNCFS™ | was
$5-15/kW and for LNCFS™ Il and Ill, $15-25/kW
(19939).

data developed over the course of this project provided
needed real-time input to regulation development.
LNCFS™ technology was designed for tangentially-
fired boilers, which represent a large percentage of the
pre-NSPS coal-fired generating capacity. The technology
reduces NOby staging combustion in the boiler verti-
cally by separating coal and air injectors and horizontally
by creating fuel-rich and lean zones with offset air
nozzles. The objective was to determine N@ission
reductions and impact on boiler performance over the
long-term under normal dispatch and operating condi-
tions. By using the same boiler, the demonstration pro-
vided direct comparative performance analysis of the

The cost effectiveness for LNCFS™ | was $103/ton ofyree configurations. Short-term parametric testing en-

NO,_removed; LNCFS™ Il, $444/ton; and LNCFS™

[, $400/ton (1993%$).

abled extrapolation of results to other tangentially-fired
units by evaluating the relationship between @is-
sions and key operating parameters.
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Economic Performance

Exhibit 27 Exhibit 28 LNCFS™ |l was the only complete retrofit (LNCFS™ |
LNCFS™ Conﬁgurations Concentric F|r|ng Concept and Il were modifications of LNCFS™ 1), and therefore
capital cost estimates were based on the Lansing Smith
Unit No. 2 retrofit as well as other tangentially-fired
LNCFS™ retrofits. The capital cost ranges in 1993 con-
stant dollars follow:

* LNCFS™ |—$5-15/kW
e LNCFS™ ||—$15-25/kW
e LNCFS™ |Il—$15-25/kW

Site-specific considerations have a significant effect
on capital costs; however, the above ranges reflect actual
experience and are planning estimates. The actual capital
cost for LNCFS™ |l at Lansing Smith Unit No. 2 was $3
million, or $17/kW, which falls within the projected
range.

The cost effectiveness of the LNCFS™ technologies
is based on the capital and operating and maintenance
costs and the NOemoval efficiency of the technologies.

Fuel-Rich
Zone

Separated
Overfire Air

Separated
Overfire Air

Burner

Primary Air
and Coal

fset Air

O
O

fset Air

Coal

Offset Air

] con The cost effectiveness of the LNCFS™ technologies is
D) Air ; i7ati i
BASELINE LNGES NCES I o Environmental Performance listed below (based on a levelization factor of 0.144 in

1993 constant dollars):

At full load, LNCFS™ I, I, and Ill reduced NGmis-
sions by 37, 37, and 45%, respectively. Exhibit 30 pre-* LNCFS™ 1—$103/ton of NQremoved
sents the NQemission estimates obtained in the assess»= LNCFS™ [I—$444/ton of NQremoved
ment of the average annual Né@nissions for three dis- , | NCES™ 1l—$400/ton of NQremoved
patch scenarios.

Exhibit 27 shows the various LNCFS™ configura-
tions used to achieve staged combustion. In addition to
overfire air, as shown in Exhibit 28, the LNCFS™ incor-
porates other NGreducing technigues into the combus- Air toxics testing found LNCFS™ to have no clear- Commercial Applications
tion process. Using offset air, two concentric circular cut effect on the emission of trace metals or acid gases.LNCFSTM technology has potential commercial applica-
combustion regions are formed. The majority of the Cani’he data provided marginal evidence for a decreased tion to all the nearly 600 U.S. pulverized coal, tangen-
is contained in the fuel-rich inner region. This region is emission of chromium. The effect on aIdehydes/ketoneéia"y'ﬁred utility units. These units range from 25-MWe
surrounded by a fuel-lean zone containing combustion a&%uld not be assessed because baseline data were corﬁBr%g’o'Mwe in size and fire a wide range of coals, from
The size of this outer annulus of combustion air can be mised. VOCs appeared to be reduced and semi-volatildoW-Vvolatile bituminous through lignite.
varied using adjustable offset air nozzles. compounds increased. The increase in semi-volatile LNCES™ has been retained at the host site for com-

Operational Performance compounds was deemed to be consistent with increase§'ficial use. ABB Combustion Engineering has modified

Exhibit 29 summarizes the impacts of LNCES™ on unit the amount of unburned carbon in the ash. 116 tangentlally-flred boilers, .rep.resentlng over 25,000
performance MWe, with LNCFS™ and derivative TFS 2000™ burners.
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Exhibit 29
Unit Performance Impacts Based on Long-Term Testing

Baseline LNCFS™ | LNCFES™ |I LNCES™ Il
Avg CO at full load (ppm) 10 12 22 33
Avg excess Qat full load (%) 3.7 3.2 45 4.3
LOI at full load (%) 4.8 4.6 4.2 5.9
0, (%) 4.0 3.9 5.3 4.7
Steam outlet conditions Satisfactory at full ~ Full load: 5-10 °F Same as baseline 160-200-MWe: PK

load; low temper-

lower than baseline
patures at low loads Low loads: 10-30 °F
lower than baseline

80-MWe: 15°B5
lower than baseline

Furnace slagging and Medium Medium Reduced slagging, Reduced slagging
backpass fouling but increased fouling but increased fouling
Operating flexibility Normal Same as baseline  More care required  More difficult to
at low loads operate than other
systems
Boiler efficiency (%) 90 90.2 89.7 89.85
Efficiency change N/A +0.2 -0.3 -0.15
Turbine heat rate (Btu/kwh) 9,000 9,011 9,000 9,000
Unit net heat rate (Btu/kwh) 9,995 9,986 10,031 10,013
Change (%) N/A -0.1 +0.36 +0.18
Exhibit 30

Average Annual NO |, Emissions and Percent Reduction
Boiler Duty Cycle  Units Baseline LNCFS™ | LNCFS™ Il LNCFS™ Il
Baseload Avg NQemissions (Ib/1TBtu) 0.62 0.41 0.41 0.36
(161.8-MWe avg) Avg reduction (%) 38.7 38.7 42.2
Intermediate load Avg NCemissions (Ib/10Btu) 0.62 0.40 0.41 0.34
(146.6-MWe avg) Avg reduction (%) 39.2 35.9 45.3
Peaking load Avg NQemissions (Ib/10Btu) 0.59 0.45 0.47 0.43
(101.8-MWe avg) Avg reduction (%) 36.1 20.3 28.0

Environmental Control Devices

Contacts
Larry Monroe, (205) 257-7772
Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625
(205) 257-5367 (fax)
Lawrence Saroff, DOE/HQ, (301) 903-9483
James U. Watts, FETC, (412) 892-5991
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Environmental Control Devices
NO, Control Technology

1 BOLER

Demonstration of Advanced
: : ECONOMIZER
Combustion Techniques for a
Wall-Fired Boiler ADVANCED ELECTROSTATIC
OVEPRCI):FIQFZRFI;AIR PRECIPITATOR
Project completed. \
- — AR
Participant | | PREHEATER STACK
Southern Company Services, Inc. (SCS) COMBUSTION I
" AR
Addmgnal Team Members . WINDBOX — L.
Electric Power Research Institute (EPRI)—cofunder . - '
Foster Wheeler Energy Corporation (Foster Wheeler)— PULXE?:_ZED% — PULS;/(E)TLZED
technology supplier m
Georgia Power Company—host / \
LOW-NO, DRY WASTE TO DISPOSAL
; BURNERS LOW-NO,
Location . SRS
Coosa, Floyd County, GA (Georgia Power Company’s
. BOUNDARY AIR PORTS
Plant Hammond, Unit No. 4)
Technology
Foster Wheeler’s low-NCburner (LNB) with advanced ASH

overfire air (AOFA) and EPRI's Generic NQontrol
Intelligence System (GNOCIS) computer software.

LNB, AOFA, combined LNB/AOFA, and the Generic primary air/fuel mixture, velocities, and turbulence to
NO,_ Control Intelligence System advanced digital con- create a fuel-rich core with sufficient air to sustain com-
trols on NQ reduction and boiler performance. bustion at a severely sub-stoichiometric air/fuel ratio.
Coal The burner also controls the rate at which additional air

L Technology/Project Description R .
Eastern bituminous coals, 1.7% sulfur . . . L L necessary to complete combustion is mixed with the
AOFA involves (1) improving overfire air (OFA) mixing : o .
élame solids and gases so as to maintain a deficiency of

Project Funding to lower overall stoichiometry (less total excess air) whil il th . bustibles fall below th
Total project cost $15,853,900 100% still avoiding high unburned combustible losses, (2) oxygen untitthe .remamlng combustibles fafl below the
. . L . i, .Ip])eak NQ producing temperature (around 2800 °F). The
DOE 6,553,526 41  allowing deeper staging (sub-stoichiometric conditions i X : o
- . . . . final excess air can then be allowed to mix with the un-
Participant 9,300,374 59 the flame zone, i.e., reducing atmosphere) without in- o
. . . S urned products so that combustion is completed at a
creasing combustible losses, and (3) introducing “bound-" "
- . . relatively low temperature.
ary air” at the boiler walls to prevent corrosion caused by .
. The demonstration was conducted at Plant
I%he reducing atmosphere. . L }
. Hammond Unit No. 4, which is a nominal 500-MWe
In the Foster Wheeler Controlled Flow/Split Flame . . .
S ... Foster Wheeler pulverized coal opposed wall-fired unit
((%FSF) LNB, fuel and air mixing (staged combustion) is o o . ] )
0 that typifies many existing pre-NSPS wall-fired boilers in

controlled for localized, individual burner flames, rather i . ) T
. . . the United States. To accomplish the project objective,
than on a gross furnace-wide basis, by regulating the

Plant Capacity/Production
500-MWe

Project Objective

To achieve 50% NQOreduction with the LNB/AOFA
system; to determine the contributions of AOFA and LN
to NQ, reduction and the parameters for optimal LNB/
AOFA performance; and to assess the long-term effects
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Calendar Year *
1988 1989 1990 1991 1992 1993 1994 1996 1997 1998 1999
3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4| 1 2
esign and Construction
9/88 12/89 6/90 4/99
| Preaward | Operation
A A AAA ¢ A A A A A
Operation initiated, LNB 4/91 Final report (Phase 1-3B)
Construction completed, LNB 4/91 issued 1/98
Er%jic?e(lgg‘?'(-jll) Constryction started, LNB 3/91 GNOCIS testing initiated 2/96
9/28/88 Operation completed, AOFA 3/91 Operation initiated,
Environmental monitoring plan completed 9/14/90 LNB/AOFA with digital control system 6/94
NEPA process Operation initiated, AOFA 6/90 Final report (Phase 4) issued 9/98
completedS/(Zl\/zl'/l'gg Construction completed, AOFA 5/90 Project extension 4/99*
Construction started, AOFA 4/90 Operation completed, LNB/AOFA 8/93
. L *Projected date
Design completed 3/90 Operation initiated, LNB/AOFA 5/93 **vears omitted
Cooperative agreement awarded 12/20/89 Operation completed, LNB 1/92
the project was partitioned into the following test phases: GNOCIS achieved a boiler efficiency gain of 0.5 Economic
(1) Baseline, (2) AOFA, (3A) LNB, (3B) LNB/AOFA, percentage points, a reduction in fly ash LOI levels of, Capital cost for a 500 MWe wall-fired unit is $8.8/kW
and (4) GNOCIS. Each phase involved three distinct 1-3 percentage points, and a reduction in E@is- for AOFA alone, $10.0/kW for LNB alone, $18.8/kW
testing periods—short-term characterization (diagnostic, sions of 10-15% at full load. for LNB/AOFA., and $0.5/kW for GNOCIS.
erformance, and chemical emission tests), long-term . . . .
P . . ) g Environmental « Estimated cost of NOremoval is $86/ton using
characterization (50-80 continuous days), and short-term ] o LNB/AOFA X
verification. Furthermore, air toxics testing was con- Using LNB alone, long-term NGemissions were 0.65 '
. . 1 0, i .
ducted during test phases 2 and 3A and a demonstration 'P/10° Btu, representing a 48% reduction from Project Summary

of on-line carbon-in-ash monitors was conducted during
several of the test phases. = Using AOFA only, long-term NQemissions were 0.94

Results Summary

Operational

At full load, fly ash loss-on-ignition (LOI) was near 0.40 Ib/10 Btu, which represents a 68% reduction
8% (compared to a baseline of 5%) for LNB alone and from baseline conditions.

baseline conditions (1.24 Ib/ABtu).

Operational

Ib/1C° Btu, representing a 24% reduction from baselin"SeCS con(?’ucted.t?asellne characterization of the unit in an
conditions as-found” condition from August 1989 to April 1990.

' The AOFA system was tested from August 1990 to March
1991. Following installation of the LNBs in the second
quarter of 1991, the LNBs were tested from July 1991 to

January 1992, excluding a three-month delay when the

» Using LNB/AOFA, long-term NQemissions were

LNB/AOFA combined. » There was not a significant difference in emissions ofplant ran at reduced capacity. Post-LNB increases in fly

AOFA accounted for an incremental N@duction trace metals, acid gases, and volatile organic com- ash LOI, along with increases in combustion air require-

beyond the use of LNB of approximately 17%, with pounds between AOFA and LNB operations. But, ments and fly ash loading to the electrostatic precipitator
additional reductions resulting from other operational there was a slight downward trend in emissions duringESP), adversely affected the unit’s stack particulate

changes.

LNB/AOFA operation. emissions. The LNB/AOFA testing was conducted from
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January 1992 to August 1993, excluding downtime for amaking tradeoffs between N®missions and Exhibit 32
scheduled outage and for portions of the test period dudly ash LOI; however, much of the variation Ce el
to excessive pagr]ticulate err?issions. However,pan ammowyas the result of changes in excess oxygen. Nox vs. LOI Tests—All Sensitivities
flue gas conditioning system was added to improve ESPThis can be more clearly seen in Exhibit 32 ir 0.60 Arrow indicatos direction of Increasing
performance, which enabled the unit to operate at full which all sensitivities are plotted. This ex- 0.58+ v operating parameter or burner adjustment
load and testing to continue. hibit shows that for excess oxygen, mill bias,| o 9567 T
LOl increased significantly for the AOFA, LNB, and inner register, and sliding tip, any adjustment g gé;‘: Increase Excess 02 “.__Extend Tip
LNB/AOFA phases as seen in Exhibit 31, despite im-  to reduce NQemissions are at the expense o 2 0‘50_ Open Outer Reg/A
proved mill performance due to the replacement of the increased fly ash LOI. In contrast, the slope § 0:48_ ........ Sliding Tip 04-..___'::.;:-_\‘ More Fuel fo
mills. Increased LOI was a concern not only because ofof the outer register characteristic suggests 0464 Mill Bias e Rééi"~-, Upper Mills
the associated efficiency loss, but a potential loss of fly improvement in both NOCemissions and LOI 0A4r| E’ff;?fiswr
ash sales. The increased carbon in the fly ash renders tten be achieved by adjustment of this dampgr.  0.42+ Outer Register
material unsuitable for use in making concrete. However, due to the relatively small impact o 0.40 t ¢ t t t ¢ t t +
During October 1992, SCS conducted parametric  the outer register adjustment on both N@d S L017(perc§nt) o e
testing to determine the relationship between it LOI, it s likely the positive NQLOI slope is
LOI emissions. The parameters tested were: excess oxgn artifact of process noise. 15% at full load, reduced fly ash LOI by 1-3 percentage
gen, mill coal flow bias, burner sliding tip position, A subsidiary goal of the project was to evaluate points, and improved boiler efficiency by 0.5 percentage

burner outer register position, and burner inner register advanced instrumentation and controls (1&C) as appliedpoints.

position. Nitrogen oxide emissions and LOI levels varietb combustion control. The need for more sophisticated Three carbon-in-ash monitors were installed: Ap-

from 0.44-0.57 Ib/10Btu and 3-10%, respectively. As 1&C equipment is illustrated in Exhibit 33. There are  plied Synergistics FOCUS, CAMRAC Corporation CAM,

expected, excess oxygen level had considerable effect dradeoffs in boiler operation, e.g., as excess air increasegnd Clyde-Sturtevant SEKAM. The monitors seemed to

both NQ, and LOI. The results showed that there is somiO, increases, LOI decreases, and boiler losses increasepresent LOI trends well by responding in the correct

flexibility in selecting the optimum operating point and The goal is to find and maintain an optimal operating  direction and provided important and timely information
condition. The I1&C systems tested included on combustion performance.

GNOCIS and carbon-in-ash analyzers.
Exhibit 31 The GNOCIS software applies an optimizing
LOI Performance Test Results procedure to identify the
best set points for the plant, .
1.4 12 which are implemented . E)_(hlblt 3_)3 L .
L / ol AOFA automatically without op- Typical Trade-Offs in Boiler Optimization
g | Bascline = ‘+/]§I(§EA erator intervention (closed- : :
T I+ £ 8= 0ther loop), or conveyed to the Optimum ExcessAY Totl
2 sl / is B plant operators for imple- . \\‘/
§ | AOFA S t mentation (open-loop). The Lol xo, ) _ Lol y
06 . - ‘T NB major elements of GNOCIS | § X 31
04l _ > Baseline are shown in Exhibit 34. Radiation
0.2 [__LNB+AOFA+Other ol The GNOCIS system has —
100 200L3;)3 ;0\2:00 600 100 200L3;)3 litlo\(i/esoo 600 provided advice that re-
’ ’ duced NQ emissions by 10- Bxcess Al i
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Environmental
Long-term testing showed that the AOFA, LNBs, and
LNB/AOFA provide full load NQ reductions of 24, 48, O&M cost increase for LNB and AOFA is

load profile. Based on the actual load profile
observed in the testing, the estimated annual

Exhibit 34
Major Elements of GNOCIS

and 68%, respectively. The load-weighted average of $333,351. Efficiency is decreased by 1.3 per-
NO,_ emission reductions were 14, 48, and 63%, respec-cent, and the NQOreduction is 68 percent of
tively, for AOFA, LNB, LNB/AOFA. Although the long- baseline, or 11,615 tons/year. The capital cost
term LNB/AOFA NQ level represents a 68% reduction is $8,300,000 and the calculated cost of NO
from baseline levels, a substantial portion of the incre- removed is $86/ton.
mental change in NGemissions between the LNB and The addition of GNOCIS to the LNB/
the LNB/AOFA configurations is the result of operationalAOFA, using the actual load profile observed irj
changes and is not the result of adding AOFA. the testing, results in a range of costs dependif
A total of 63 days of valid long-term N@missions  on whether the unit is operated to maximize
data were collected during the LNB/AOFA test phase. NO, removal efficiency, or LOI. For the maxi-
Based on this data set, the full-load, long-term M@is- mum NQ removal case, the efficiency is im-
sions were 0.40 |b/2MBtu, which was consistent with proved by 0.6 percent, the annual O&M cost is

=Y
o

Sensor
Validation

Historical
Data

Optimize

/

\

Model

GNOCIS

Advice /
Control

earlier short-term test data. Earlier long-term testing hadecreased by $228,058, the incrementa] NO

resulted in NQemissions of 0.94 Ib/2®Btu and 0.65 reduction is 11 percent (834 tons/year), and the capital
Ib/1CF Btu for AOFA only and LNB only, respectively. cost is $250,000. The calculated cost per ton of NO
For reference, long-term baseline testing revealed an removed is -$299 (net gain due to increased efficiency).
initial NO, emission rate of 1.4 Ib/$®tu.

Air toxic testing was conducted for AOFA and LNB/
AOFA operation. There was not a significant difference
in emissions of trace metals, acid gases, and volatile
organic compounds for the ,tWO t?St,S' Ther(? wasa S“ghifo all fossil fuel-fired boilers, including units fired with
downward trend, however, in emissions during LNB/

i . ) . natural gas and units co-firing coal and natural gas.
AOFA operation. For elements associated with particu- . .
. ) } The host has retained the technologies for commer-
late matter, ten (barium, beryllium, chromium, cobalt,

g cial use. Foster Wheeler has equipped 86 boilers with
cgpper, lead, manganese, n,ICk,el’ phos.phorus, and VangLw-No, burner technology (51 domestic and 35 interna-
dium) show lower mean emissions during LNB/AOFA .. X .

) . ) . tional)—1,800 burners for over 30,000 MWe capacity.
operat|on.; orl1ly two (.arsenlc and cadmlum? show hlgherSome 19 GNOCIS neural-network control projects are
mean emissions during LNB/AOFA operation. Total
particulate matter emissions were also lower during LNB/

AOFA operation; however, this was more an indication gEontacts

ESP performance rather than burner configuration. John N. Sorge, (205) 257-7426
ICCT Project Manager

Southern Company Services, Inc.
P.O. Box 2625

Birmingham, AL 35202-2625
jnsorge@southernco.com

Commercial Applications
The technology is applicable to the 422 existing pre-
NSPS wall-fired boilers in the United States, which burn®

Economic

Estimated capital costs for a commercial 500 MWe wall-
fired installation are: AOFA—$8.8/kW, LNB—$10.0/kW,
LNB/AOFA—$18.8/kW, and GNOCIS—$0.5/kWAnnual
O&M costs and NQreductions depend on the assumed

Environmental Control Devices

underway and another 17 projects are expected in 1999.

Lawrence Saroff, DOE/HQ, (301) 903-9483

lawrence.saroff@hqg.doe.gov

James R. Longanbach, FETC, (304) 285-4659

jlonga@fetc.doe.gov
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500 MW Demonstration of Advanced Wall-Fired Com-

a variety of coals. The GNOCIS technology is applicable bustion Techniques for the Reduction of Nitrogen

Oxide (NQ) Emissions from Coal-Fired Boilers—
Phases 4—Digital Control System and Optimization.
Southern Company Services, Inc. September 1998.

500 MW Demonstration of Advanced Wall-Fired Com-
bustion Techniques for the Reduction of Nitrogen
Oxide (NQ) Emissions from Coal-Fired Boilerkinal
Report—Phases 1-3. Southern Company Services,
Inc. January 1998.

500 MW Demonstration of Advanced Wall-Fired
Combustion Techniques for the Reduction of Nitrogen
Oxide (NQ) Emissions from Coal-Fired Boilers—
Public Design Report (Preliminary and Final). South-
ern Company Services, Inc. Submitted to DOE on
May 24, 1996.
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Environmental Control Devices
Combined SO, /NO, Control Technology
UNIT #2 HEAT-PIPE

ELECTROSTATIC

L COMESgTION PRECIPITATOR
Milliken Clean Coal HOTFLUE | | R SUTLET B e FLUE GAS
; ouT
Technology Demonstration i OF STACK
Project
J AR —» - SPLIT
. 000 MODULE
Project completed. e v  ABSORBER
N 5 000 B BELOW STACK
Participant COOL FLUE tr
New York State Electric & Gas Corporation w  GASOUTLET CMESTONE
ASH COLD COMBUSTION PREPARATION
Additional Team Members CCOFA REBURNING AIR INLET
OF MICRONIZED HandiNG
New York State Energy Research and Development coaL COAL gg:{g‘é ELECTROSTATIC
Authority—cofunder PRECIPITATOR
Empire State Electric Energy Research Corporation—

cofunder
Consolidation Coal Company—technical consultant i_ AL .
Saarberg-Holter-Umwelttechnik, GmbH (S-H-U)—tech- (REFURBISHED) i
nology supplier
The Stebbins Engineering and Manufacturing
Company—technology supplier
ABB Air Preheater, Inc.—technology supplier
DHR Technologies, Inc. (DHR)—operator of advisor

control system

GYPSUM
DEWATERING/
HANDLING

e &

COMMERCIAL-GRADE
GYPSUM

FGD BLOWDOWN
TREATMENT
& RECYCLE

COMMERCIAL-GRADE
CALCIUM CHLORIDE

Coal The Stebbins tile-line, split-module reinforced concrete
Pittsburgh, Freeport, and Kittanning Coals; 1.5, 2.9 and absorber vessel provides superior corrosion and abrasion
4.0% sulfur, respectively. resistance. Placement below the stack saves space and
provides operational flexibility.

NO, emissions are controlled by LNCFS I11B{v-

Location
Lansing, Tompkins County, NY (New York State Electric
& Gas Corporation’s Milliken Station, Unit Nos. 1 and 2)

Technology Project Funding

Flue gas cleanup using S-H-U formic-acid-enhanced, WTt(g?EI project cost $:55?)§870§87 2120% NO, burners and by micronized coal reburning. The
limestone scrubber technology; ABB Combustion Participant 11:;) 607, 807 72 LNCFS IlI™ low-NO, burners are integrated into the
Engineering’s Low-NQConcentric Firing System T Milliken units. (See Micronized Coal Reburning Demon-
(LNCFS™) Level lll; Stebbins’ tile-lined split-module  Project Objective stration for NQ Control for another CCT Program project
absorber; ABB Air Preheater’s heat-pipe air preheater; To demonstrate high sulfur capture efficiency and NO  at this unit.)
and DHR’s PEOA™ Control System. and particulate control at minimum power requirements, A heat-pipe air preheater is integrated to increase
Plant Capacity/Production zero wastle vyater discharge, and the production of by- boiler efficiency by redgcing both air leakage and the gir
300-MWe products in lieu of wastes. preheater’s flue gas exit temperature. To enhance boiler
Technology/Project Description efﬂuency a.nd .em|SS|o.ns reductions, DHF\’.'S Plant Emis-
LNCFS is a trademark of ABB Combustion Engineering, Inc. The formic acid enhanced S-H-U process is designed 0> " Optlnj“.zfitlo.n Ad.VISor (PEOAT) provides StateTOf-
PEOA is a trademark of DHR Technologies, Inc. remove up to 98% St high sorbent utilization rates. the-art artificial-intelligence-based control of key boiler

and plant operating parameters.
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Calendar Year

1991
3 411 2 3 4 1 2 3 4 1 2 3 4

2001

9/91 10/92

| Preaward | Design and Construction

6/95
Operation

A

DOE selected Environmental

project (CCT-IV) monitoring
9/12/91 plan completed
12/1/94

NEPA process completed
(EA) 8/18/93

Design completed 4/93

Cooperative agreement awarded 10/20/92

Fully integrated operation of Units 1 and 2 initiated 6/95
Construction completed 6/95

Operation initiated on Unit 2 1/95

Ground breaking/construction started 4/93

Operation completed 6/98

5/99

Project completed/final report issued 5/99*

*Projected date

Results Summary

Environmental

The maximum SQremoval demonstrated has been
98% with all seven recycle pumps operating and using
formic acid. The maximum S@emoval without

formic acid has been 95%.

The difference in SQOremoval between the two lime-

stone grind sizes tested (90%—325 mesh and 90%-170

mesh) while using low sulfur coal was a minimum of
2.6 percentage points.

The SQ removal efficiency was greater than the de-
sign efficiency during the high velocity test of the .
cocurrent scrubber section up to a liquid-to-gas ratio

(L/G) of 110 gallons per 1,000 actual cubic feet of gas.

The cocurrent pumps had no measurable effecton *
pressure drop, whereas the countercurrent pumps

significantly increased the scrubber pressure drop. -«
The average effect of each countercurrent header was

(WC) in the design flow tests and 0.64 inches WC in ¢
the high velocity tests.

At full load, LNCFS™ Il lowered NQemissions to
0.39 Ib/16 Btu (compared to 0.64 Ib/18tu for the
original burners).

During diagnostic tests, LOI was above 4% at full
boiler load. During the validation tests (when overfire

The flue gas side pressure loss for both heat pipes was
less than the design maximum of 3.65 inches WC.

The primary side pressure drops for both heat pipes
were less than the design maximum of 3.6 inches WC.
The secondary air side pressure drops for both heat
pipes were less than the design maximum of 5.35
inches WC.

air limitations were relaxed), the LOI dropped by 0.7 Economic

to 1.7 percentage points, with a minor effect on NO ,
emissions.

Operational

Performance of a modified ESP with wider plate spac-
ing and reduced plate area exceeded that of the origi-
nal ESPs at lower power consumption.

Boiler efficiency was 88.3-88.5% for LNCFS™ llI,
compared to a baseline of 89.3-89.6%.

Air infiltration is low for both heat pipes. Some unac-
counted for air leakage occurred at full load, ranging

to increase pressure drop by 0.45 inches water column petween 2.0-2.4%.

Environmental Control Devices

Economic data is not yet available.
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Project Summary concentration, L/G ratio, mass transfer, coal sulfur con-
The test plan was developed to cover all of the new tectient, and flue gas velocity. The maximum,3€moval
nologies used in the project. In addition to the technolodemonstrated was 98% with all seven recycle pumps
gies tested, the project demonstrated that existing tech-operating and using formic acid and the maximurg SO

nologies can be used in conjunction with new processeg@gioval without formic acid was 95%. The difference inO

produce saleable by-products. Supplemental monitoringQ, removal between the two limestone grind sizes test
has provided operation and performance data illustrating90%—-325 mesh and 90%-170 mesh), while using low
the success of these processes under a variety of operadifiir coal was a minimum of 2.6 percentage points as
conditions. Generally, each test program was divided intghown in Exhibit 35. The S@emoval efficiency was

four independent subtests: diagnostic, performance, longreater than the design efficiency during the high velocit
test of the cocurrent scrubber section up to a liquid-to-gas

term, and validation.
ratio of 110. The cocurrent pumps had no measurable

effect on pressure drop, whereas the countercurrent

Environmental Performance

The S-H-U FGD system was tested over a 36 month pe
riod. Typical evaluations included S@moval efficiency,
power consumption, process economics, load following
capability, reagent utilization, by-product quality, and
additive effects. Parametric testing included formic acid

current header was to increase pressure drop by 0.45
inches water column (WC) in the design flow tests and
0.64 inches WC in the high velocity tests.

Performance of modi-
fied ESP with wider plate
spacing and reduced plate
area exceeded that of the
original ESPs at lower
power consumption. The
average particulate matter
penetration before the ESP
modification was 0.22%
and decreased to 0.12%
after the modifications.

At full boiler load
(145-150 MWe) and 3.0—
3.5% economizer Dthe
LNCFS™ Il lowered NQ
emissions from a baseline
of 0.64 Ib/10 Btu to 0.39
Ib/1CF Btu (39% reduction).
At 80-90 MWe boiler load
and 4.3-5.0% economizer
O,, the LNCFS™ lIl low-

Exhibit 35
Effect of Limestone Grind
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pumps significantly increased the scrubber pressure dro
As seen in Exhibit 36, the average effect of each counte

ered NQ emissions from a baseline of 0.58 II5/Bdu to
0.41 Ib/10 Btu (29% reduction). With LNCFS™ |II,
LOI was maintained below 4% and CO emissions did
not increase.

erational Performance
e S-H-U FGD system performance goal of 98% SO
removal efficiency was achieved. Similarly, the objective
of producing a marketable gypsum by-product from the
FGD system was achieved. The test results indicate that
e gypsum produced can be maintained at a purity level
exceeding 95% with a chloride level less than 100 ppm.
However, the goal of producing a marketable calcium
chloride solution from the FGD blowdown stream was
ot achieved. FGD availability for the test period was
$9.9%.

The modified ESP has performed better than the
original ESP at a lower power use. The total voltagee
current product (Vel) for ESPs is directly proportional to
the total power requirement. The modified ESP 75% of
the Vel demand of the original ESPs. The modified ESP
has a smaller plant footprint with fewer internals and a
smaller SCA. Total internal plate area is less than one-
half that of the original ESPs, tending to lower capital
costs.

Boiler efficiency was 88.3-88.5% for LNCFS™ llI,
compared to a baseline of 89.3-89.6%. The lower effi-
ciency was attributed to higher post retrofit flue ggs O
and higher stack temperatures which accompanied the air
heater retrofit. When LNCFS™ [l and baseline condi-
tions are compared, boiler efficiency with LNCFS™ [l
was 0.2 percentage points higher than baseline.

The heat pipe were tested in accordance with ASME
Power Test Code for Air Heaters 4.3. Air infiltration is
low for both heat pipes. Unaccounted for air leakage
occurred at full load, ranging between 2.0-2.4%. The
tests showed that the flue gas side pressure loss for both
heat pipes was less than the design maximum of 3.65
inches WC. The primary side pressure drops for both
heat pipes were less than the design maximum of 3.6

Environmental Control Devices



Exhibit 36
Pressure Drop vs.
Countercurrent Headers

Scrubber Pressure Drop in W.C.

Design Gas Velocity

0 1 1 1 1
0 1 2 3
Number of Countercurrent Headers

inches WC. The secondary air side pressure drops for
both heat pipes were less than the design maximum of
5.35 inches WC.

Economic Performance
Economic data is not yet available.

Commercial Applications

The S-H-U process, stebbins absorber module and heat-
pipe air preheater are applicable to virtually all power
plants. The space-saving design features of the technolo-
gies, combined with the production of marketable
byproducts, offer significant incentives to generating
stations with limited space. There have been four com-
mercial sales of the PEOA™ system.

Environmental Control Devices

Contacts
James Harvilla, Project Manager, (607) 729-8630

New York State Electric & Gas Corporation
Corporate Drive — Kirkwood Industrial Park
P.O. Box 5224

Binghamton, NY 13902-5224

5 Lawrence Saroff, DOE/HQ, (301) 903-9483

lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
High Gas Velocity References

Comprehensive Report to Congress on the Clean Coal
Technology Program: Milliken coal Technology Dem-
onstration Project.New York State Electric & Gas
Corporation. Report No. DOE/FE-0265P. U.S. De-
partment of Energy. September 1992. (Available from
NTIS as DE93001756.)

Milliken Clean Coal Technology Demonstration
Project. Harvilla, James et abixth Clean Coal Tech-
nology Conference: Clean Coal for theZdentury —
What Will It Take? Volume Il - Technical Papers.
CONF-980410— VOL II. April 28-May 1, 1998.
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Environmental Control Devices
Combined SO, /NO, Control Technology

1 CLEAN FLUE GAS

BOILER DIRTY TO STACK

FLUE N
BAGHOUSE
GAS ELECTROSTATIC

PRECIPATOR | | N\
| [

- v v v FLUIDZED-BED} MAKEUP

Commercial Demonstration of
the NOXSO SO,/NO, Removal
Flue Gas Cleanup System

Participant
NOXSO Corporation

ADSORBER SORBENT

COAL —» f

Additional Team Members AIR = C =\ B
Olin Corporation—cofunder HEATER
Gas Research Institute—cofunder DISPOSAL R
Electric Power Research Institute—cofunder
W.R. Grace and Company—cofunder
M.K. Ferguson—engineer ASH ]

. . METHANE
Richmond Power & Light (RP&L)—host NO, RECYCLE SORBENT SRR

COOLER
. ATOR OFFGAS
Location
To be determined SULFUR | SULFUR
RECOVERY
Technology UNIT
NOXSO Corporation’s dry, regenerable flue gas cleanup
process

Plant Capacity/Production
To be determined utility boilers burning medium- to high-sulfur coals. In The process is expected to achieveg B@uctions of
the basic process, the flue gas passes through a fluidiz&d8% and NQreductions of 75%.
bed adsorber located downstream of the precipitatoy; S(I?’roject Status/Accomplishments

. . and N,OX are adsorbeg by the sorbent, Whlc,h C(,mSIStS of Ag:oa Generating Corporation chose to cancel a host site
Project Funding spherical beads of high-surface-area alumina |mpregnat§ eement when NOXSO was unable to obtain full
Total project cost $82,812,120 100% with sodium carbonate. Cleaned flue gas then passes p?oject financing by January 31, 1997, as specified in the
DOE 41,406,060 50 . . o .

- through a baghouse to the stack agreement. NOXSO signed a conditional Host Site
Participant 41,406,060 50 The NQ is desorbed from the NOXSO sorbent Whe%\greement with RP&L in January 1998
heated by a stream of hot air. Hot air containing the ’

i . L NOXSO filed for bankruptcy under Chapter 11 -
desorbed NQis recycled to the boiler where equilibrium Reoraanization. The Chanter 11 plan was aporoved b
processes cause destruction of the .NThe adsorbed g ' P P PP y

i . the Bankruptcy Court on September 2, 1998, but NOXSO
sulfur is recovered from the sorbent in a regenerator

. . i was unable to raise sufficient funds. NOXSO closed its
where it reacts with methane at high temperature to pro-

. . office in October 1998. An auction of NOXSQO'’s assets is
Technology/Project Description duce an offgas with high concentrations of,8@d hy- o 000
The NOXSO process is a dry, regenerable system capabiggen sulfide (55). This offgas is processed to produce yeh '
of removing both SQand NQ in flue gas from coal-fired elemental sulfur, which can be further processed to pro-

duce liquid SQ a higher valued by-product.
82  Project Fact Sheets Environmental Control Devices

Coal
Medium- to high-sulfur coals

Project Objective
To demonstrate removal of 98% of the 2@d 75% of
the NQ from a coal-fired boiler’s flue gas using the
NOXSO process.



Calendar Year

1989 1990 1991 1992 1993 1994 1995

3 41 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3

1996

1997 1998 1999
2 3 4 1 2 3 4 1 2

12/89 3/91
| Preaward | Design

On Hold

Novation of cooperative agreement with NOXSO Corp. 8/94
Selected Alcoa host site 8/94

Project definition phase completed 10/94
NEPA process completed, Alcoa (EA) 6/26/95

Cooperative agreement
awarded 3/11/91

DOE selected project (CCT-IIl) 12/19/89

Schedule pending action
in bankruptcy court

Identified conditional host site,
RP&L 1/98

Alcoa Generating Corp. cancelled
host site agreement 2/97

Commercial Applications

The NOXSO process is applicable to existing or new
facilities. The process is suitable for utility and industrial
coal-fired boilers. The process is adaptable to coals with
medium- to high-sulfur content.

The process produces one of the following as a sal-
able by-product: elemental sulfur, sulfuric acid, or liquid
SO, A readily available market exists for these products.

The technology is expected to be especially attractive
to utilities that require high removal efficiencies for both
SO, and NQ, need to eliminate solid wastes, and/or have
inadequate water supply for a wet scrubber.

Environmental Control Devices
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Environmental Control Devices
Combined SO,/NO,_ Control Technology

|
SNOX™ Flue Gas Cleaning

ELECTROSTATIC
PRECIPITATOR

BOILER

Demonstration Project COOLD?'NG e STCK
i y d AIR TO DISPOSAL BURNER
Project completed. CLEANFLUE Ghs
o AIR FLUE GAS -+ HOT-AIR DISCHARGE
Participant AREAESTER
ABB Environmental Systems FLUE GAS CONDENSER (WSA TOWER)

HEATER

SULFURIC ACID

CATALYTIC

Additional Team Members

Ohio Coal Development Office—cofunder
Ohio Edison Company—cofunder and host
Haldor Topsoe a/s—patent owner for process technology, ASH /‘ HEA\ICQFOH

catalysts, and WSA Tower SUPPORT ===
BURNER

D

BAGHOUSE

ACID
COLLECTOR

CATALYTIC
SO2
REACTOR

Snamprogetti, U.S.A.—cofunder and process designer HOT , @
Location ASH TO DISPOSAL NATUF’:‘LT_—»
Niles, Trumbull County, OH (Ohio Edison’s Niles GAS SB%PRP,&FQ
Station, Unit No. 2) Q
ACID STORAGE

Technology TANK
Haldor Topsoe’s SNOX™ catalytic advanced flue gas
cleanup system
Plant Capacity/Production
35-MWe equivalent slipstream from a 108-MWe boiler Technology/Project Description The demonstration was conducted at Ohio Edison’s

In the SNOX™ process, the stack gas leaving the boilerNsles Station in Niles, Ohio. The demonstration unit
Coal cleaned of fly ash in a high-efficiency fabric filter treated a 35-MWe equivalent slipstream of flue gas from
Ohio bituminous, 3.4% sulfur baghouse to minimize the cleaning frequency of the sulthe 108-MWe Unit No. 2 boiler, which burned a 3.4%
Project Funding furic acid catalyst in the downstream S@nverter. The sulfur Ohio coal. The process steps were virtually the
Total project cost $31,438,408 100% ash-free gas is reheated, and N&reacted with small same as for a commercial full-scale plant, and commer-
DOE 15,719,200 50  Quantities of ammonia in the first of two catalytic reactorsial-scale components were installed and operated.

Participant 15,719,208 50 Wwhere the NQis converted to harmless nitrogen and
water vapor. The SQs oxidized to SQin a second
catalytic converter. The gas then passes through a novel
glass-tube condenser that allows, $®hydrolyze to

Project Objective
To demonstrate at an electric power plant using U.S.
high-sulfur coals that SNOX™ technology will catalyti- concentrated sulfuric acid.

cally remove 95% of S(and more than 90% of NO The technology, while using U.S. coals, was de-
from flue gas ar?d prgduce a salable by-product of con- signed to remove 95% of the Sad more than 90% of
centrated sulfuric acid. the NQ from flue gas and produce a salable sulfuric acid
by-product. This was accomplished without using sor-

bents and without creating waste streams.
84  Project Fact Sheets Environmental Control Devices

SNOX is a trademark of Haldor Topsoe a/s.



Calendar Year

1988 1989 1990 1994 1998
3 41 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 411 2 3 4 1 2 3 4 1 2

/88 12/89 7196

3/92
Preaward |

Design and Construction Operation

T Operation initiated 3/92 T

Project completed/
final report issued 7/96

Construction completed 12/91
Preoperational tests initiated 12/91

DOE selected
project (CCT-II)
9/28/88

Operation completed 12/94
Dedication ceremony held 10/17/91

Environmental monitoring plan completed 10/31/91

Cooperative agreement
awarded 12/20/89

Design completed 8/91
Construction started 1/91

NEPA process completed (MTF) 1/31/90

Results Summary .

Environmental

Environmental Control Devices

Absence of an alkali reagent contributed to having nProject Summary

secondary pollution streams or increases i CO  No reagent was required for the S@moval step because
emissions. the SNOX™ process utilized an oxidation catalyst to
convert SQto SQ and ultimately to sulfuric acid. As a
result, the process produced no other waste streams.

In order to demonstrate and evaluate the performance
of the SNOX™ process, general operating data were
Having the SQcatalyst downstream of the NGata-  collected and parametric tests conducted to characterize
lyst eliminated ammonia slip and allowed the SCR tothe process and equipment. The system operated for
function more efficiently. approximately 8,000 hours and produced more than
Heat developed in the SNOX™ process was used t05,600 tons of commercial-grade sulfuric acid. Many of
enhance thermal efficiency. the tests for the SNOX™ system were conducted at three
loads—75, 100, and 110% of design capacity.

SO, removal efficiency was normally in excess of 95%

) . ) Presence of the S@atalyst virtually eliminated CO
for inlet concentrations averaging about 2,000 ppm.

and hydrocarbon emissions.
NO, reduction averaged 94% for inlet concentrations

of approximately 500—700 ppm. Operational

Particulate removal efficiency for the high-efficiency °
fabric filter baghouse with SNOX™ system was
greater than 99%.

Sulfuric acid purity exceeded federal specifications for
Class | acid.

Air toxics testing showed high capture efficiency of Economic
most trace elements in the baghouse. A significant «
portion of the boron and almost all of the mercury
escaped to the stack. But selenium and cadmium,
normally a problem, were effectively captured in the
acid drain, as were organic compounds.

Capital cost was estimated at $305/kW for a Envi.ronmentallPgrformance

500-MWe unit firing 3.2% sulfur coal. The levelized Particulate emissions from the process were very low
incremental cost was estimated at 6.1 mills/kwh or (<1 mg/Nn) due to th? characteristics of the Sata-
$219/ton of SQremoval on a constant 1995 dollar lyst and the sulfuric acid condenser (WSA Condenser).

basis. Comparable current dollar costs were 7.8 milld€ Niles SNOX™ plant was fitted with a baghouse
kWh and $284/ton of SO (rather than an ESP) on its inlet. This was not necessary
2

for low particulate emissions, but rather was needed to
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maintain an acceptable cleaning frequency for the SO The SCR portion of the SNOX™ process was able
catalyst. At operating temperature, the, 8@alyst, operate at higher than typical ammonia stoichiometries
because of its sticky surface, retained about due to its location ahead of the S@talyst beds. Normal
90% of the dust that entered the catalyst vessel. Dust tlogerating stoichiometries for the SCR system were in th
passed through was subsequently removed in the WSArange of 1.02-1.05 and system reduction efficiencies
Condenser, which acted as a condensing particulate re-averaged 94% with inlet NQevels of approximately
moval device (utilizing the dust particulates as nuclei). 500-700 ppm.

Minimal or no increase in C@missions by the Sulfuric acid concentration and composition has i
process was tied to two features—the lack of a carbonata-exceeded the requirements of the federal specificatiof
based alkali reagent that releases @@l the fact that the for Class | acid. During the design and construction of
process recovered additional heat from the flue gas to the SNOX™ demonstration, arrangements were made :
offset its parasitic energy requirements. This heat recowvith a sulfuric acid supplier to purchase and distribute tfj e
ery, under most design conditions, results in the net heaacid from the plant. The acid has been sold to the agri-
rate of the boiler being the same or better after addition aidlture industry for the production of diammonium phos
the SNOX™ process, and consequently no increase in phate fertilizer and to the steel industry for pickling.

and a small amount of NO As a result, downstream

Acid d di i hyd hloride,
fouling by ammonia compounds was eliminated and the cids and corresponding anions (hydrogen chioride

CO, generation per unit of power. Ohio Edison has also used a significant amount in boile
With respect to CO and hydrocarbons, the 8@a-  water demineralizer systems throughout its plants.
lyst acted to virtually eliminate these compounds as well.  Air toxic testing conducted at the Niles SNOX™
This aspect also positively affected the interaction of theplant measured the following substances: |
NO, and SQcatalysts. Because the S@talyst fol- + Five major and 16 trace elements including mercury, k
lowed the NQcatalyst, any unreacted ammonia (slip) chromium, cadmium, lead, selenium, arsenic, beryl- il . H u
was oxidized in the S(atalyst to nitrogen, water vapor,  |iym, and nickel T %
I
1]

hydrogen fluoride, chloride, fluoride, phosphate, sul-

SCR was operated at slightly higher than typical ammonia fate) - — ]
stoichiometries. These higher stoichiometries allowed A The bottom portion of the S@onverter catalyst, with
smaller SCR catalyst volumes and permitted the attain- * Ammonia and cyanide Efggn(i[ztrf;llyi/:tsitéicsolIector hopper mounted on steel rails
ment of very high reduction efficiencies (>95%). * Elemental carbon ’ '

Sulfur dioxide removal in the SNOX™ process was. Radionuclides But selenium and cadmium, normally a problem, were
controlled by the efficiency of the $@-SQ oxidation, |\ aie organic compounds effectively captured in the acid drain, as were organic
which occurred as the flue gas passes through the oxida- compounds.

Semi-volatile compounds including polynuclear aro-
matic hydrocarbons Operational Performance

factors—space velocity and bed temperature. Space ] .
velocity governed the amount of catalyst necessary at * Aldehydes Heat recovery was accomplished by the SNOX™ process.
In a commercial configuration, it can be utilized in the

design flue gas flow conditions, and gas and bed tempera- Most trace elements were captured in the baghouseihermal cycle of the boiler. The process generated recov
ture had to be high enough to activate thg &aation, - along with the particulate. A significant portion of the rable he}z;t in several wa .s AIIF())f the re?actions that took
reaction. During the test program, S@moval effi- boron and almost all of the mercury escaped to the stack ys.

ciency was normally in excess of 95% for inlet concentra- plface W't.h respect to N@ind SQremoval were exother-.
tions averaging about 2,000 ppm mic and increased the temperature of the flue gas. This

tion catalyst beds. The efficiency was controlled by two"
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heat plus fuel-fired support heat added in the high-tem- burns coals from various suppliers around the world,

perature SCR/S(atalyst loop was recovered in the including the United States; the coals contain 0.5-3.0%
WSA Condenser cooling air discharge for use in the  sulfur. The plant in Sicily, operating since March 1991,

furnace as combustion air. Because the WSA Condenshkas a capacity of about 30-MWe and fires petroleum
lowered the temperature of the flue gas to about 210 °F,coke.
compared to approximately 300 °F for a typical power gontacts

plant, additional thermal energy was recovered along wi Lul Yosick, Project Manager, (423) 693-7550

that from the heats of reaction. ABB Environmental Systems

Economic Performance 1409 Center Port Boulevard

The economic evaluation of the SNOX™ process showed Knoxville, TN 37932

a capital cost of approximately $305/kW for a 500-MWe  (423) 694-5213 (fax)

unit firing 3.2% sulfur coal. The levelized incremental Lawrence Saroff, DOE/HQ, (301) 903-9483

cost was 6.1 mills’kwWh on a constant 1995 dollar basis James U. Watts, FETC, (412) 892-5991

and 7.8 mills/kWh on a current dollar basis. The equiva-
References

lent costs per ton of S@emoved were $219/ton (con-

stant 1995 dollars) and $384 (current dollars). » Final Report Volume Il: Project Performance and
Economics.July 1996. Report No. DE-FC22-
Commercial Applications 90PC89C55.

The SNOX™ technology is applicable to all electric
power plants and industrial/institutional boilers firing
coal, oil, or gas. The high removal efficiency for N@d
SO, makes the process attractive in many applications.
Elimination of additional solid waste (except ash) en-
hances the marketability in urban
and other areas where solid waste
disposal is a significant problem. ———
The host utility, Ohio Edison,
is retaining the SNOX™ technol-
ogy as a permanent part of the
pollution control system at Niles
Station to help Ohio Edison
meet its overall SPNO, reduc-
tion goals. . ﬁi
Commercial SNOX™ plants Hi
also are operating in Denmark anciliees
Sicily. In Denmark, a 305-MWe
plant has operated since August
1991. The boiler at this plant

Final Report Volume I: Public DesigRReport No.
DOE/PC/89655-T21. (Available from NTIS as
DE96050312.)

Environmental Control Devices

» A Study of Toxic Emissions from a Coal-Fired Power
Plant Utilizing the SNOX™ Innovative Clean Coal
Technology Demonstration. Volume 1, Sampling/
Results/Special Topics: Final RepoReport No.
DOE/PC/93251-T3-\ol. 1. Battelle Columbus Opera-
tions. July 1994. (Available from NTIS as
DE94018832.)

» A Study of Toxic Emissions from a Coal-Fired Power
Plant Utilizing the SNOX™ Innovative Clean Coal
Technology Demonstration. Volume 2, Appendices:
Final Report. Report No. DOE/PC/93251-T3-\ol. 2.
Battelle Columbus Operations. July 1994. (Available
from NTIS as DE94018833.)

e Comprehensive Report to Congress on the Clean Coal
Technology Program: WSA-SNOX™ Flue Gas Clean-
ing Demonstration ProjectABB Combustion Engi-
neering, Inc. Report No. DOE/FE-0151. U.S. Depart-
ment of Energy. November 1989. (Available from
NTIS as DE90004461.)

<« The SNOX™ demonstration at Ohio Edison’s Niles
Station Unit No. 2 achieved S@moval efficiencies
exceeding 95% and N@eduction effectiveness averaging
94%. Ohio Edison is retaining the SNOX™ technology as
part of its environmental control system.
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LIMB Demonstration Project
Extension and Coolside
Demonstration

Project completed.

Participant
The Babcock & Wilcox Company

Additional Team Members
Ohio Coal Development Office—cofunder

Consolidation Coal Company—cofunder and technology

supplier
Ohio Edison Company—host

Location
Lorain, Lorain County, OH (Ohio Edison’s Edgewater
Station, Unit No. 4)

Technology
The Babcock & Wilcox Company’s (B&W) limestone

injection multistage burner (LIMB) system; Babcock &

Wilcox DRB-XCL® low-NO, burners

Consolidation Coal Company’s Coolside duct injection dProject Objective

lime sorbents

Plant Capacity/Production
105-MWe

Coal
Ohio bituminous, 1.6, 3.0, and 3.8% sulfur

Project Funding

Total project cost $19,404,940 100%
DOE 7,597,026 39
Participant 11,807,914 61

LIMB COOLSIDE LIMB/COOLSIDE
COOLSIDE
SORBENT
INJECTION  {yMIDIFICATION
BOILER .
LIMB !
SORBENT I
INJECTION :
b

WINDBOX

ELECTROSTATIC
PRECIPITATOR

\

COAL—
COMBUSTION —
AIR

STACK

Ll >
T

DAMPERS

LOW-NO,
BURNERS

#e
e

WASTE HANDLING
AND DISPOSAL

ASH

humidifier outlet temperature, and injection level in the

To demonstrate, with a variety of coals and sorbents, th&biler.

the LIMB process can achieve up to 50% N@d SQ In the Coolside process, dry sorbent is injected into

reductions and to demonstrate that the Coolside procesthe flue gas downstream of the air preheater, followed by

can achieve Sgemoval up to 70%. flue gas humidification. Humidification enhances ESP

performance and S@bsorption. SQabsorption is

The LIMB process reduces S0y injecting dry sorbent imp.roved by dissolving Sof’i“m hydrolxi.c!e (NaOH) or
§od|um carbonate (YaO,) in the humidification water.

into the boiler at a point above the burners. The sorben ) ) )
. . .. The spent sorbent is collected with the fly ash, as in the
then travels through the boiler and is removed along with L .
LIMB process. Bituminous coal with 3.0% sulfur was

fly ash in an electrostatic precipitator (ESP) or baghouse. ) .
e . ._used in testing.
Humidification of the flue gas before it enters an ESP is

L . Babcock & Wilcox DRB-XCI® low-NO_ burners,
necessary to maintain normal ESP operation and to en- X
o _ which control NQ through staged combustion, were used
hance SQremoval. Combinations of three bituminous X

coals (1.6, 3.0, and 3.8% sulfur) and four sorbents werem demonstrating both LIMB and Coolside technologies.

Technology/Project Description

DRB-XCL is a registered trademark of The Babcock & Wilcox Compan%/ésted Other variables examined were stoichiometry

TAG is a trademark of the Electric Power Research Institute.
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Calendar Year

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
3 41 2 3 4 1 2 3 2 3 2 3 1 2 3 2 3 4 1 2 3 4 1 2 3 4 1 2 3 1 2
7186 6/87 7189 11/92

| Preaward | Design and Construction Operation

Cooperative agreement

A A ?
‘ LIMB operational tests
initiated 4/90

Project completed/final report issued 11/92

DOE selected
project (CCT-I)
7124186 Ground breaking/
NEPA process construction
completed (MTF) started 8/87
6/2/87

Coolside operational tests  LIMB operational tests completed 8/91
completed 2/90

Construction completed 9/89

Coolside operational tests initiated 7/89
awarded 6/25/87

Environmental monitoring plan
completed 10/19/88

Results Summary

Environmental

Environmental Control Devices

+ Coolside SQremoval efficiency was 70% at a Ca/S
molar ratio of 2.0, a sodium-to-calcium (Na/Ca) ratio
of 0.2, and 20 °F approach-to-adiabatic-saturation
temperature using commercial hydrated lime and
2.8-3.0% sulfur coal.

Sorbent recycle tests demonstrated the potential to
improve sorbent utilization.

Annual levelized costs (15-year) for this range of
conditions were $392-791/ton of S@moved.

Coolside capital costs were $69-160/kW for plants
ranging from 100-500-MWe and coals with 1.5-3.5%
sulfur, with a target SQreduction of 70% (1992%,).
Annualized levelized costs (15-year) for this range of
conditions were $482-943/ton of S@moved.

LIMB SO, removal efficiencies at a calcium-to-sulfur
(Ca/S) molar ratio of 2.0 and minimal humidification
across the range of coal sulfur contents were 53-61%
for ligno lime, 51-58% for calcitic lime, 45-52% for
dolomitic lime, and 22—-25% for limestone ground to
80% less than 44 microns (325 mesh). Project Summary

LIMB SO, removal efficiency increased to 32% using * Humidification enhanced ESP performance, which  The initial expectation with LIMB technology was that
limestone ground to 100% minus 325 mesh and in- enabled opacity levels to be kept well within limits.  limestone calcined by injection into the furnace would

creased an additional 5-7% when ground to 100% less LIMB availability was 95%. Coolside did not undergg?chieve adequate SCapture. Use of limestone in lieu of
than 10 microns. the significantly more expensive lime would keep operat-

ing costs relatively low. However, the demonstration
showed that even with fine grinding of the limestone and
deep humidification, performance with limestone was
marginal. As a result, a variety of hydrated limes were
LIMB capital costs were $31-102/kW for plants rang_evaluated in the LIMB configuration, demonstrating

ing from 100-500-MWe and coals with 1.5-3.5% enhanced performance. Although LIMB performance
sulfur, with a target SQreduction of 60% (19928). was enhanced by applying humidification to the point of

Operational

testing of sufficient length to establish availability.
LIMB SO, removal efficiencies were enhanced by .
about 10% when humidification down to 20 °F ap-
proach-to-saturation temperature was used.

Humidifier performance indicated that operation in a

vertical rather than horizontal mode would be better.
Economic

LIMB, which incorporated Babcock & Wilcox

DRB-XCL® low-NQ, burners, achieved 40-50% NO

reduction.
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approaching adiabatic saturation temperatures, perfor- While injecting commercial limestone with 80%1
mance did not rely on this deep humidification. of the particles less than 44 microns in size, removal Exhibit 37
Coolside design was dependent upon deep humidifefficiencies of about 22% were obtained at a stoichf-  |L|MB SO ) Removal Efficiencies
cation to improve sorbent reactivity and use of hydrated ometry of 2.0 while burning 1.6% sulfur coal. How-
. s . (Percent)
lime. Sorbent injection was downstream of the furnace.ever, removal efficiencies of about 32% were
In addition, sorbent activity was enhanced by dissolving achieved at a stoichiometry of 2.0 when using a Nominal Coal Sulfur Content
sodium hydroxide (NaOH) or sodium carbonate,2) limestone with a smaller particle size (i.e., all par- Sorbent 3.8% 3.0% 1.6%
in the humidification water. ticles were less than 44 microns). A third limeston
i i i i Ligno lime 61 63 53

Environmental Performance (LIMB) with essentlally. all part|cle§ less than 10 mlcrons. was . o

used to determine what might be the removal effi- Commercial calcitic lime 58 55 51
LIMB tests were conducted over a range of Ca/S molar o . ) o

. e o . . . ciency limit. The removal efficiency for this very Dolomitic lime 52 48 45
ratios and humidification conditions while burning Ohio fine limestone was abproximately 5-7% hiaher tharl 1
coals with nominal sulfur contents of 1.6, 3.0, and 3.8% - ) .pp o Yoo ,0 9 . Limestone ) NT 25 22
. . - that obtained at similar conditions for limestone with (80% <44 microns)
by weight. Each of four different sorbents was injected ) ) )
. . . particles all sized less than 44 microns.

while burning each of the three different coals. Other During the desian phase. it was expected that NT = Not tested
variables examined were stoichiometry, humidifier outlet, i g'l[th 181Qf] Ft) | t ovati FI) | insid Test conditions: injection at 181 ft, Ca/S molar ratio of 2.,
temperature, and injection level in the boiler. Exhibit 37" /¢ On @t the Lo2-100t plant elevation Ievelinside | minimal humidification.

the boiler would permit the introduction of the lime-

summarizes S(removal efficiencies for the range of
sorbents and coals tested.

stone at close to the optimum furnace temperature of
2,300 °F. Testing confirmed that injection at this level, Environmental Performance (Coolside)
just above the nose of the boiler, yielded the highest SOThe Coolside process was tested while burning compli-
removal. Injection was also performed at the 187-foot ance (1.2—1.6% sulfur) and noncompliance (2.8-3.2%
level and similar removals were observed. Removal  sulfur) coals. Objectives of the full-scale test program
efficiencies while injecting at these levels were about 5%vere to verify short-term process operability and to de-
higher than while injecting sorbent at the 191-foot level.velop a design performance database to establish process
Removal efficiencies were enhanced by approxi- economics for Coolside. Key process variables—Ca/S
mately 10% over the range of stoichiometries tested whemolar ratio, Na/Ca molar ratio, and approach-to-adia-
humidification down to a 20 °F approach-to-saturation batic-saturation—were evaluated in short-term (6—8 hour)
temperature was used. The continued use of the low-Nfarametric tests and longer term (1-11 day) process oper-
burners resulted in an overall average K@issions ability tests.
level of 0.43 Ib/10Btu, which is about a 45% reduction. The test program demonstrated that the Coolside
process routinely achieved 70% S@®moval at design
conditions of 2.0 Ca/S molar ratio, 0.2 Na/Ca molar ratio,
and 20 °F approach-to-adiabatic-saturation temperature

Operational Performance (LIMB)
Long-term test data showed that the LIMB system was

available about 95% of the time it was called upon to ) i ; ) )
using commercially available hydrated lime. Coolside

operate. Even with minimal humidification, ESP perfor- )
. SO, removal depended on Ca/S molar ratio, Na/Ca molar
mance was adequately enhanced to keep opacity levels™ 2 i . i )
ratio, approach-to-adiabatic-saturation, and the physical

well below the permitted limit. Opacity was generally in

A Water mist, sprayed into the flue gas, enhanced Sulfur the 2-59 range while the limit was 20%. properties of the hydrated lime. Sorbent recycle showed
capture by the sorbent by approximately 10% in the LIMB significant potential to improve sorbent utilization. The
process when 20 °F approach-to-saturation was used. observed SQremoval with recycled sorbent alone was
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Exhibit 38
Capital Cost Comparison
(1992 $/kW)
Coal (%S) LIMB Coolside LSFO LIMB Coolside LSFO
100-MWe 150-MWe
1.5 93 150 413 66 116 312
2.5 95 154 421 71 122 316
3.5 102 160 425 73 127 324
250-MWe 500-MWe
1.5 46 96 228 31 69 163
2.5 50 101 235 36 76 169
3.5 54 105 240 40 81 174
Exhibit 39
Annual Levelized Cost Comparison
(1992 $/Ton of SO , Removed)
Coal (%S) LIMB Coolside LSFO LIMB Coolside LSFO
100-MWe 150-MWe
1.5 791 943 1418 653 797 1098
2.5 595 706 895 520 624 692
3.5 525 629 665 461 570 527
250-MWe 500-MWe
1.5 549 704 831 480 589 623
2.5 456 567 539 416 502 411
3.5 419 526 413 392 482 321

Environmental Control Devices

22% at 0.5 available Ca/S molar ratio and 18 °F ap-
proach-to-adiabatic-saturation. The observed 8O

molar ratio, 0.5 available recycle,
and 18 °F approach-to-adiabatic-
saturation.

Operational Performance
(Coolside)

Floor deposits experienced in the
ductwork with the horizontal
humidification led designers to
consider a vertical unit in a com-
mercial configuration. Short-term
testing did not permit evaluation
of Coolside system availability.

Economic Performance
(LIMB & Coolside) .
Economic comparisons were made
between LIMB, Coolside, and a
wet scrubber with limestone
injection and forced oxidation
(LSFO). Assumptions on perfor-
mance were SQremoval efficien-
cies of 60, 70, and 95% for

LIMB, Coolside, and LSFO,
respectively. The EPRI TAG™
methods were used for the eco-
nomics, which are summarized in
Exhibits 38 and 39.

Commercial Application

Both LIMB and Coolside tech-
nologies are applicable to most
utility and industrial coal-fired

units and provide alternatives to
conventional wet flue gas desulfu-*
rization processes. LIMB and
Coolside can be retrofitted with

modest capital investment and downtime, and their space
moval with simultaneous recycle and fresh sorbent feegrequirements are substantially less than for conventional
was 40% at 0.8 fresh Ca/S molar ratio, 0.2 fresh Na/Ca flué gas desulfurization processes.

LIMB has been sold to an independent power plant

in Canada. Babcock & Wilcox has signed 85 contracts
(61 domestic, 24 foreign) for DLB-XCUow-NO, burners,
representing 1,515 burners for 20,396-MWe of capacity.

Contacts
Paul Nolan, (330) 860-1074

The Babcock & Wilcox Company
20 S. Van Buren Avenue

P.O. Box 351

Barberton, OH 44203-0351

Lawrence Saroff, DOE/HQ, (301) 903-9483
James U. Watts, FETC, (412) 892-5991
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Environmental Control Devices
Combined SO, /NO, Control Technology

SO,-NO,-Rox Box™ Flue Gas
Cleanup Demonstration
Project

Project completed.

Participant
The Babcock & Wilcox Company

Additional Team Members

Ohio Edison Company—cofunder and host
Ohio Coal Development Office—cofunder
Electric Power Research Institute—cofunder

Norton Company—cofunder and SCR catalyst supplier

3M Company—cofunder and filter bag supplier
Owens Corning Fiberglas Corporation—cofunder and
filter bag supplier

Location
Dilles Bottom, Belmont County, OH (Ohio Edison
Company’s R.E. Burger Plant, Unit No. 5)

Technology
The Babcock & Wilcox Company’s SO -Rox Box™
(SNRB™) process

Plant Capacity/Production
5-MWe equivalent slipstream from a 156-MWe boiler

Coal
Bituminous coal blend, 3.7% sulfur average

Project Funding

Total project cost $13,271,620 100%
DOE 6,078,402 46
Participant 7,193,218 54

Project Objective

To achieve greater than 70% S®moval and 90% or
higher reduction in NQemissions while maintaining
particulate emissions below 0.03 |bfBiu.
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Technology/Project Description

The SNRB™ process combines the removal og‘, 80,

and particulates in one unit—a high-temperature

baghouse. SQemoval is accomplished using either be simulated.

calcium- or sodium-based sorbent injected into the flue The SNRB™ process was operated for approxi-

gas. NQremoval is accomplished by injecting ammoniamately 2,300 hours. Through this effort, SNRB™ dem-

(NH,) to selectively reduce NOn the presence of a onstrated the technical and economic feasibility of

selective catalytic reduction (SCR), catalyst. Particulateachieving more than 80% S@moval, more than 90%

removal is accomplished by high-temperature fiber NO, removal, and 99% particulate removal at lower capi-

bag filters. tal, operating, and maintenance costs than those for a
The 5-MWe SNRB™ demonstration unit is large ~ combination of conventional systems. The demonstration

enough to demonstrate commercial-scale components was conducted at Ohio Edison Company’s R.E. Burger

while minimizing the demonstration cost. Operation at Plant, Unit No. 5, in Dilles Bottom, Ohio.

this scale also permitted cost-effective control of the flue

gas temperature, which allowed for evaluation of perfor-

mance over a wide range of sorbent injection and
baghouse operating temperatures. Thus, several different
arrangements for potential commercial installations could

SO-NO,-Rox Box and SNRB are trademarks of The Babcock & Wilcox

Company. Environmental Control Devices



Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 41 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2

9/88 12/89 5/92 9/95
| Preaward | Design and Construction Operation
A A A
_ _Op_erat(iiorélgz Operation completed 5/93
Cooperative agreement initiate Project completed/final report issued 9/95
DOE selected awarded 12/20/89 Construction completed 12/91
project (CCT-Il) Environmental monitoring plan completed 12/31/91
9/28/88

Preoperational tests initiated 11/91

Design completed 8/91
Ground breaking/construction started 5/9/91

NEPA process completed (MTF) 9/22/89

Results Summary * NO, reduction of 90% was achieved with an J#D_~ Economic

molar ratio of 0.9 and temperature of 800-850 °F. . capjital cost in 1994 constant dollars for a 250-MWe
» Air toxic removal efficiency was comparable to that of retrofit was $233/kW, assuming 3.5% sulfur coal and

an electrostatic precipitator (ESP), except that hydro-  baseline NQemissions of 1.2 Ib/2®Btu.

gen fluoride (HF) was reduced by 84% and hydrogen

chloride (HCI) by 95%.

Environmental

+ SO, removal efficiency of 80% was achieved with
commercial-grade lime at a calcium-to-sulfur (Ca/S)
molar ratio of 2.0 and temperature of 800—850 °F.

+ SO, removal efficiency of 90% was achieved with

sugar hydrated and lignosulfonate hydrated lime at a Operational

Ca/S molar ratio of 2.0 and temperature of + Calcium utilization was 40-45% for S@movals of
800-850 °F. 85-90%.

» SO, removal efficiency of 80% was achieved with ~ * Norton Company’s NC-300 zeolite SCR catalyst
sodium bicarbonate at a sodium-to-sulfur {iSa showed no appreciable physical degradation or change
molar ratio of 1.0 and temperature of 425 °F. in catalyst activity over the course of the

* SO, emissions were reduced to less than 1.2 fB10 demonstration.

with 3—4% sulfur coal with a Ca/S molar ratio as low * No excessive wear or failures occurred with the filter
as 1.5 and N#& molar ratio of 1.0. bags tested: 3M’s Nextel ceramic fiber filter bag and

 Injection of calcium-based sorbents directly upstream Owens Corning Fiberglas's S-Glass filter bag.

of the baghouse at 825-900 °F resulted in higher over-
all SQ removal than injection further upstream at
temperatures up to 1,200 °F.
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Project Summary

ture of 450-460 °F. S@missions while burning a 3—4% unreacted lime, and fly ash were collected on the filter

SNRB™ incorporates two successful technology devel- sulfur coal were reduced to less than 1.2 [bBEtQ with
opment efforts that offer distinct advantages over other @ Ca/S molar ratio as low as 1.5 and/Samolar ratio
control technologies. High-temperature filter bags and less than 1.0.

bags and thus removed from the flue gas.
A NO, emission reduction of 90% was readily
achieved with ammonia slip limited to less than 5 ppm.

circular monolith catalyst developments enabled multiple ~ To capture NQ) ammonia was injected between the This performance reduced N@missions to less than
emission control in a single component with a low plan- sorbent injection point and the baghouse. The ammoni®.10 Ib/10 Btu. NQ, reduction was insensitive to tem-
area space requirement. As a postcombustion control and NQ reacted to form nitrogen and water in the pres- peratures over the catalyst design temperature range of
system, it is simple to operate. The high-temperature bajice of Norton Company's NC-300 series zeolite SCR 700-900 °F. Catalyst space velocity (volumetric gas flow/
provides a clean, high-temperature environment compatcatalyst. With the catalyst being located inside the filter catalyst volume) had a minimal effect on N®@moval

ible with effective SCR operation and a surface for en- bags, it was well protected from potential particulate
hanced S@sorbent contact (creates a sorbent cake on tiggosion or fouling. The sorbent reaction products,
surface). Particulate control, which is receiving increas-
ing attention, is typical of the superior performance of-
fered by pulsed jet baghouses.

Environmental Performance ,
Four different sorbents were tested for,$@pture. Cal-
cium-based sorbents included commercial grade hydrated
lime, sugar-hydrated lime, and lignosulfonate-hydrated
lime. In addition, sodium bicarbonate was tested. The
optimal location for injecting the sorbent into the flue gas
was immediately upstream of the baghouse. Essentially,
the SQ was captured by the sorbent in the form of a filte
cake on the filter bags (along with fly ash).

of commercial-grade hydrated lime at Ca/S molar ratios
of 1.8 and above resulted in 3@movals of over 80%.
At a Ca/S molar ratio of 2.0, performance of the sugar-
hydrated lime and lignosulfonate-hydrated lime increasef
performance by approximately 8%, for overall removal qgf
approximately 90%. SQemoval of 85-90% was ob-
tained with calcium utilization in the of 40-45%. Injec- |
tion of the calcium-based sorbents directly upstream of
the baghouse at 825-900 °F resulted in higher overgll S
removal than injection further upstream at temperatures
up to 1,200 °F.

SO, removal using sodium bicarbonate was 80% at
an Na/S molar ratio of 1.0 and 98% at an fgamolar
ratio of 2.0 at a significantly reduced baghouse temperag po prior to lifting it into the penthouse.

o AP L 3 Vil
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over the range evaluated.

Turndown capability for tailoring the degree of NO
reduction by varying the rate of ammonia injection was
demonstrated for a range of 50-95% Ne&xuction. No
appreciable physical degradation or change in the catalyst
activity was observed over the duration of the test pro-
gram. The degree of oxidation of S0 SQ over the
zeolite catalyst appeared to be less than 0.5%., ¢SO
dation is a concern for SCR catalysts containing vana-
dium.) Leach potential analysis of the catalyst after
completion of the field test showed that the catalyst re-
mained nonhazardous for disposal.

Particulate emissions were consistently below NSPS
standards of 0.03 Ib/t®tu, with an average over 30
baghouse particulate emission measurements of 0.018 Ib/
10 Btu, which corresponds to a collective efficiency of
99.89%. Hydrated lime injection increased the baghouse
inlet particulate loading from 5.6 to 16.5 Ibf1®u.
Emissions testing with and without the SCR catalyst
installed revealed no apparent differences in collection
efficiency. On-line cleaning with a pulse air pressure of
30-40 Ib/irt was sufficient for cleaning the bag/catalyst
assemblies. Typically, one of five baghouse modules in
service was cleaned every 30-150 minutes.

A comprehensive air toxics emissions monitoring
test was performed at the end of the SNRB™ demonstra-
tion test program. The targeted emissions monitored

A The demonstration baghouse is installed on the back included trace metals, volatile organic compounds, semi-
side of the power plant. Workers stand by the catalyst holdeslatile organic compounds, aldehydes, halides, and

radionuclides. These species were a subset of the 189
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hazardous substances identified in the CAAA. MeasureCommercial Applications
ments of mercury speciation, dioxins, and furans were Commercialization of the technology is expected to de-
unique features of this test program. The emissions corvelop with an initial larger scale application equivalent tg (. e — —
trol efficiencies achieved for various air toxics by the ~ 50-100-MWe. The focus of marketing efforts is being 1 l
SNRB™ system were generally comparable to those of tailored to match the specific needs of potential industrig
the conventional ESP at the power plant. However, the utility, and independent power producers for both retrofi
SNRB™ system did reduce HCI by an average of 95% and new plant construction. SNRB™ is a flexible tech-
and HF emissions by an average of 84%, whereas the nology that can be tailored to maximize control of,SO
ESP had no effect on these constituents. NO,, or combined emissions to meet current performance
Operation of the SNRB™ demonstration resulted inrequirements while providing flexibility to address
the production of approximately 830 tons of fly ash and future needs.
by-product solids. An evaluation of potential uses for th&0
by-product showed that the material might be used for
agricultural liming (if pelletized). Also, the solids poten-
tially could be used as a partial cement replacement to
lower the cost of concrete.

ntacts
Dot K. Johnson, (330) 829-7395

The Babcock & Wilcox Company

20 South Van Buren Avenue

Barberton, OH 44203
Operational Performance (330) 829-7801 (fax)
A 3,800-hour durability test of three fabric filters was dot.k.johnson@mcdermott.com
completed at the Filter Fabric Development Test FacilityLawrence Saroff, DOE/HQ, (301) 903-9483
in Colorado Springs in December 1992. No signs of James U. Watts, FETC, (412) 892-5991
failure were observed. All of the demonstration tests

) . References

were conducted using the 3M Company Nextel ceramic
fiber filter bags or the Owens Corning Fiberglas S-Glass’
filter bags. No excessive wear or failures occurred in
over 2,000 hours of elevated temperature operation.

SQO-NO-Rox Box" Flue Gas Cleanup Demonstration
Final Report Report No. DOE/PC/89656-T1. The
Babcock & Wilcox Company. September 1995.
(Available from NTIS as DE96003839.)

* 5 MWe SNRB' Demonstration Facility: Detailed L X
Design Report.The Babcock & Wilcox Company. A Workers lower one of the catalyst holder tubes into a

Economic Performance
For a 250-MWe boiler fired with 3.5% sulfur coal and

NO, emissions of 1.2 Ib/£®Btu, the projected capital November 1992. mounting plate in the penthouse of the high-temperature
cost of a SNRB™ system is approximately $233/kW baghouse.

Comprehensive Report to Congress on the Clean Coal
Technology Program: SENO-Rox Box™ Flue Gas
Cleanup Demonstration ProjecThe Babcock &

(1994$), including various technology and project contin~
gency factors. A combination of fabric filter, SCR, and
wet scrubber for achieving comparable emissions control
has been estimated at $360-400/kW. Variable operating Vilcox Company. Report No. DOE/FE-0145. US
costs are dominated by the cost of the S@bent for a Department of Energy. November 1989. (Available
system designed for 85-90% sS®moval. Fixed operat- from NTIS as DE90004458.)

ing costs primarily consist of system operating labor and

projected labor and material for the hot baghouse and

ash-handling systems.
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Environmental Control Devices
Combined SO, /NO, Control Technology

| SORBENT

Enhancing the Use of Coals by i B0lLER
Gas Reburning and Sorbent
Injection %

. OVERFIRE
Project completed. AIR

ECONOMIZER

HUMIDIFICATION
WATER

}

AR ="
e

FLY ASH ‘

TO WASTE DISPOSAL

Participant |L|
Energy and Environmental Research Corporation

ELECTROSTATIC
PRECIPITATOR

FAN

Additional Team Members
Gas Research Institute—cofunder { AL
State of lllinois, Department of Commerce & Community
Affairs—cofunder
lllinois Power Company—host

City Water, Light and Power—host RECIRCULATED
FLUE GAS

STACK

Locations

Hennepin, Putnam County, IL (lllinois Power Company’s
Hennepin Plant, Unit No. 1)

Springfield, Sangamon County, IL (City Water, Light and BOTTOM ASH
Power’s Lakeside Station, Unit No. 7)

Technology
Energy and Environmental Research Corporation’s gas Project Objective strated the GR-SI process on two separate boilers repre-
reburning and sorbent injection (GR-SI) process To demonstrate gas reburning to attain at least 60% NOsenting two different firing configurations—a tangen-
reduction along with sorbent injection to capture at leastially-fired, 80-MWe (gross) boiler at Illinois Power
50% of the SQon two different boiler configurations— Company’s Hennepin Plant in Hennepin, IL, and a cy-
tangentially-fired and cyclone-fired—while burning high-clone-fired, 40-MWe (gross) boiler at City Water, Light
sulfur midwestern coal. and Power’s Lakeside Station in Springfield, IL. lIllinois
bituminous coal containing 3% sulfur was the test coal
for both Hennepin and Lakeside.

A comprehensive test program was conducted at

Plant Capacity/Production

Hennepin: tangentially-fired 80-MWe (gross), 71-MWe
(net)

Lakeside: cyclone-fired 40-MWe (gross), 33-MWe (net)
Technology/Project Description

In this process, 80—-85% of the fuel was coal and was
supplied to the main combustion zone. The remaining

Coal
Illinois bituminous, 3.0% sulfur

Project Funding 15-20% of the fuel, provided by natural gas, bypassed t%%(:h of the tv]:/(t)) S,Iltes’ op;e.;fatlng tge eq;ug(r)noegt overfa
Total project cost $37,588,955 100% main combustion zone and was injected above the main’ 0° rt{?mge 0 0|he.3r CO(;] ! |onl;: ver b anti olurs © t of
DOE 18,747,816 50  purners to form a reducing (reburning) zone in which operation was achieved, enabling a substantial amount o

data to be obtained. Intensive measurements were taken
to quantify the reductions in N@nd SQ emissions, the

Participant 18,841,139 50  NO, was converted to nitrogen. A calcium compound
(sorbent) was injected in the form of dry, fine particulate ) ) -
impact on boiler equipment and operability, and all fac-

[— _ above the reburning zone in the boiler. Lime (Ca(pH) ) :
PromiSORB is a trademark of Energy and Environmental Research . . X tors |nf|uenc|ng costs.
Corporation. was the sorbent tested at both sites. This project demon-
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Calendar Year

*%k

1986 1988
3 411 2 3 4 1 2 3 4 1 2 3 4

1991 1998

7186 7187 1/91 9/98
Preaward | Design and Construction Operation
A A A A T A
NEPA 5 on inftiated
) tion initiate .
DOE selected  Cooperative process pera : Restoration completed,
project (CCT-I)  agreement completed, Lakeside 5/93 Lakeside 12/95
7/24/86 awarded Hennepin Operation completed, i
7/14/87 (MTF) 5/9/88 Hennepin 1/93 Project completed/

Design completed, both sites 5/89
Construction started, Hennepin 5/89

NEPA process completed, Lakeside (EA) 6/25/89—

Environmental monitoring plan—
completed, Hennepin 10/15/89

—Environmental monitoring plan completed,

) ) final report issued 9/98
Construction completed, Lakeside 5/92

Construction completed, Hennepin 8/91
Operation initiated, Hennepin 1/91

Operation completed,
Lakeside 10/94

Restoration completed,

Construction started, Lakeside 6/90 Hennepin 12/93

Lakeside 11/15/89 ** Years omitted

Results Summary .

Environmental

On the tangentially-fired boiler, GR-SI N@&duc-

tions of up to 75% were achieved, and an average 67%
reduction was realized at an average gas heat input of

18%.

GR-SI SQremoval efficiency on the tangentially-

fired boiler averaged 53% with hydrated lime at a
calcium-to-sulfur (Ca/S) molar ratio of 1.75 (corre-
sponding to a sorbent utilization of 24%).

On the cyclone-fired boiler, GR-SI N@ductions of

up to 74% were achieved, and an average 66% reduc- utilization.

tion was realized at an average gas heat input of 2

GR-SI SQremoval efficiency on the cyclone-fired
boiler averaged 58% with hydrated lime at a Ca/S
molar ratio of 1.8 (corresponding to a sorbent utiliza-
tion of 24%).

Environmental Control Devices

0,
2 /bperational

Particulate emissions were not a problem on either Economic
unit undergoing demonstration, but humidification
had to be introduced at Hennepin to enhance ESP
performance.

Capital cost for gas reburning (GR) was approximately
$15/kW plus the gas pipeline cost, if not in place
(19969).

Operating costs for GR were related to the gas/coal
cost differential and the value of $@mission allow-

ances (because GR replaces some coal with gas, it also
reduces SQemissions).

Three advanced sorbents tested achieved higher SO,
capture efficiencies than the baseline Linwood hy-
drated lime. PromiSORB™ A achieved 53%,SO
capture efficiency and 31% utilization without GR at
a Ca/S molar ratio of 1.75. Under the same condi- . S .
i . . ] Capital cost for sorbent injection (SI) was approxi-
tions, PromiSORB™ B achieved 66% geduction

- . mately $50/kW.
and 38% utilization, and High-Surface-Area Hydrated
Lime achieved 60% S@eduction and 34% e Operating costs for SI were dominated by the cost of
sorbent and sorbent/ash disposal costs. S| was esti-

mated to be competitive at $300/ton of $€@moved.

Boiler efficiency decreased by approximately 1% as a
result of increased moisture formed in combustion
from natural gas use.

There was no change in boiler tube wastage, tube
metallurgy, or projected boiler life.
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Project Summary 99.8% and particulate emissions less than 0.025%b/10

The GR-SI project demonstrated the success of gas  Btu were measured even with an increase in inlet partic
reburning and sorbent injection technologies in reducindate loading resulting from sorbent injection. These lev-
NO, and SQemissions. The process design conducted els were comparable to measured baseline emissions o
early in the project combined with the vast amount of  0.035 Ib/10 Btu and a collection efficiency greater
data collected during the testing created a database ca-than 99.5%.
pable of applying the technology to all major coal-firing Following the completion of the long-term tests, '
configurations (tangential-, cyclone-, and wall-fired) on three specially prepared sorbents were tested. Two we . -
both utility and industrial units. The emissions control manufactured by the participant and contained proprietg 1 1 e
and performance can be accurately projected as can theadditives to increase their reactivity toward,2@d were E_'___' | .'
capital and operating costs. referred to as PromiSORB™ A and B. The lllinois State
Geological Survey developed the other sorbent—High- |}

EnV|ror.1mentaI P.erform{ancg (Hennepln? o . Surface-Area Hydrated Lime in which alcohol is used to[§*
Operational testing, which included optimization testing . . . .
form a material that gives rise to a much higher surface

and long-term testing, was conducted between January area than that of conventionally hydrated limes. {

1991. and January 1993' The GR-SI long-term demon- The SQ capture without GR, at a nominal 1.75 Ca/9
stration tests were carried out from January 1992 to Octo- t

) molar ratio, was 53% for PromiSORBAY 66% for
ber 1992 tq verify the system performance over an ex- PromiSORB™ B, 60% for High-Surface-Area Hydrated ?ﬁ
tendeq period. The unit Was. operated at cgnstant loadSLime, and 42% for Linwood lime. At a 2.6 Ca/S molar
and wnh the system under dispatch operatpn where loardatio, the PromiSORB™ B yielded 81% S@moval
was varied to meet plant power output requirements. efficiency.
With the system under dispatch, the load fluctuated over a

wide range from 40-MWe to a maximum load of 75-  Environmental Performance (Lakeside) ’
MWe. Over the long-term demonstration period, the =~ Parametric tests were conducted in three series: GR
average gross power output was 62-MWe. parametric tests, S| parametric tests, and GR-SI optimiza- The flexible lime-sorbent distribution lines lead from

For long-term demonstration testing, the average tion tests. A total of 100 GR parametric tests were con-the so_rbent splitter to the top of the cyclone-fired boiler at
NO, reduction was approximately 67%. The averagg S@lucted at boiler loads of 33-, 25-, and 20-MWe. Gas hela?‘kes'de Station.
removal efficiency was over 53% at a Ca/S molar ratio ofhput varied from 5-26%. The GR parametric tests SO, reduction was achieved at mid load (25-MWe); and
1.75. (Linwood hydrated lime was used throughout theskgchieved a NOreduction of approximately 60% at a gas 329 SQ reduction was achieved at low load (20-MWe).
tests except for a few days when Marblehead lime was heat input of 22-23%. Additional flow modeling and In the GR-SI optimization tests, the two technolo-
used.) CO emissions were below 50 ppm in most casegomputer modeling studies indicated that smaller reburryies were integrated. Modifications were made to the
but were higher during operation at low load. ing fuel jet nozzles could increase reburning fuel mixingreburning fuel injection nozzles based on the results of

A significant reduction in CQwas also realized. and thus improve the NO@eduction performance. the initial GR parametric tests and flow modeling studies.
This was due to partial replacement of coal with natural A total of 25 SI parametric tests were conducted to The total cross-sectional area of the reburning jets was
gas having a lower carbon-to-hydrogen ratio. This isolate the effects of sorbent on boiler performance anddecreased by 32% to increase the reburning jet's penetra-
cofiring with 18% natural gas resulted in a theoretical ~operability. Results showed that S@duction level tion characteristics. The decrease in nozzle diameter
CO, emissions reduction of nearly 8% from the coal-firedraried with load because of the effect of temperature onincreased NQreduction by an additional 3-5% compared
baseline level. With flue gas humidification, electrostati¢he sulfation reaction. At a Ca/S molar ratio of 2.0, 44%g the initial parametric tests. With GR-SI, total,SO
precipitator (ESP) collection efficiencies greater than SO, reduction was achieved at full load (33-MWe); 38% reductions resulted from partial replacement of coal with
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natural gas and sorbent injection.

At a gas heat input of 22% and ca/s

molar ratio of 1.8, average NO
reduction during the long-term
testing of GR—SI was 66% and the
average SQOreduction was 58%.

Operational Performance
(Hennepin/Lakeside)

Sorbent injection increased the
frequency of sootblower operation
but did not adversely affect boiler

ing costs were almost entirely Contacts
related to the differential cost of  Blair A. Folsom, Sr. V.P., (949) 859-8851, ext. 140

the gas over the coal as reduced by
the value of SQemission allow-
ances.

Energy and Environmental Research Corporation
18 Mason
Irvine, CA 92618

The capital cost estimate for SILawrence Saroff, DOE/HQ, (301) 903-9483
was $50/kW. Operating costs for Jerry L. Hebb, FETC, (412) 892-6079

S| were dominated by the cost of
the sorbent and sorbent/ash dis-
posal costs. Sl was projected to be’
cost competitive at $300/ton of SO

References

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection; Volume 1-Program Overview.
February 1997

- . removed.
efficiency or equipment perfor-

mance. Gas reburning decreased
boiler efficiency by approximately
1.0% because of the increase in
moisture formed with combustion

» Enhancing the Use of Coals by Gas Reburning—Sor-
bent Injection: Volume 4: Gas Reburning Sorbent
Injection at Lakeside Unit 7, City Water, Light and
Power, Springfield, lllinois.Final Report. Energy and
Environmental Research Corporation. March 1996.
Report No. DOE/PC/79796-T48-Vol.4. (Available
from NTIS as DE96011869.

Enhancing the Use of Coals by Gas Reburning—
Sorbent Injection; Long Term Testing Period, Septem-
ber 1, 1991-January 15, 199Report No. DOE/PC/
79796-T40. Energy and Environmental Research

Commercial Applications
The GR-SI process is a unique
combination of two separate tech-
nologies. The commercial applica-
of natural gas. Examination of the tions for these technologies, both
boiler before and after testing o separately and combined, extend to
showed no measurable changein A  The natural gas injector was installed both utility companies and industry
tube wear or metallurgy. Essen- ?;ntgheen'ﬁglrl?/i‘rirgzT)?)ri]lgrepm Station’s in the United States and abroad. In’
tially, the scheduled life of the ' the United States alone, these two
boiler was not compromised. technologies can be applied to more than 900 pre-NSPS
The ESPs adequately accommodated the changes utility boilers; the technologies also can be applied to new i )
ash loading and resistivity with the presence of sorbent itility boilers. With NQ and SQremoval exceeding Corporation. February 1995. (Available from NTIS as
the ash. No adverse conditions were found to exist. Bus0% and 50%, respectively, these technologies have the DE95011481.)
as mentioned, humidification had to be added at potential to extend the life of a boiler or power plant and®* Enhancing the Use of Coals by Gas Reburning and
Hennepin to achieve acceptable ESP performance with also provide a way to use higher sulfur coals. Sorbent Injection; Volume 2: Gas Reburning—Sorbent
GR-SI. lllinois Power has retained the gas-reburning system Injection at Hennepin Unit 1, lllinois Power Company.
and City Water, Light & Power has retained the full tech- Report No. DOE/PC/79796-T38-Vol. 2. Energy and
nology for commercial use. The project was one of two  Environmental Research Corporation. October 1994,
receiving the Air and Waste Management Association’s  (Available from NTIS as DE95009448.)
1997 J. Deanne Sensenbaugh Award. « Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection; Volume 3: Gas Reburning—Sorbent
Injection at Edwards Unit 1, Central lllinois Light
Company. Report No. DOE/PC/79796-T38-\ol. 3.
Energy and Environmental Research Corporation.
October 1994. (Available from NTIS as
DE95009447.)

Economic Performance (Hennepin/Lakeside)

Capital and operating costs depend largely on site-spe-
cific factors, such as gas availability at the site, coal/gas
cost differential, SQremoval requirements, and value of
SO, allowances. It was estimated that for most installa-
tion, a 15% gas heat input will achieve 60% Néeduc-
tion. The capital cost for such a GR installation was
estimated at $15/kW for 100-MWe and larger plants plus
the cost of the gas pipeline (if required) (1996%). Operat-
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Environmental Control Devices
Combined SO,/NO, Control Technology

Integrated Dry NO ,/SO, AIR COAL
Emissions Control System oo, | | T
& SORBENT INJECTION
Project completed. EEA B, I:' BOILER
- O HUMIDIFICATION
Participant ST SODIUM-BASED
Public Service Company of Colorado OVERFIREI: / SORBENT INJECTION
AR~ J=5

Additional Team Members

Electric Power Research Institute—cofunder

Stone and Webster Engineering Corp.—engineer

The Babcock & Wilcox Company—burner developer

Fossil Energy Research Corporation—operational
tester

Western Research Institute—flyash evaluator

Colorado School of Mines—bench-scale engineering
researcher and tester

FABRIC FILTER
DUST COLLECTOR

STACK

REE

W EC i
I , I
UREA

o i INJECTION !” |||E E
NOELL, Inc.—urea-injection system provider
Location TO DISPOSAL
Denver, Denver County, CO (Public Service Company of
Colorado’s Arapahoe Station, Unit No. 4)
Technology Project Objective (SNCR) system was tested to determine how much addi-
The Babcock & Wilcox Company’s DRB-XCLow-NO,  To demonstrate the integration of five technologies to  tional NO, can be removed from the combustion gas.
burners, in-duct sorbent injection, and furnace (urea)  achieve up to 70% reduction in N@&nd SQemissions; Two types of dry sorbents were injected into the
Injection more specifically, to assess the integration of a down- ductwork downstream of the boiler to reduce, 8@is-
Plant Capacity/Production fired low-NQ, burner with in-furnace urea injection for ~ sions. Either calcium-based sorbent was injected up-
100-MWe additional NQ removal and dry sorbent in-duct injection stream of the boiler economizer or sodium-based sorbent

with humidification for SQremoval. downstream of the air heater. Humidification down-

Coal stream of the dry sorbent injection was incorporated to

Technology/Project Description
Al of the testing used Babcock & Wilcox's low-NO
DRB-XCL® down-fired burners with overfire air. These

Colorado bituminous, 0.4% sulfur

aid SQ capture and lower flue gas temperature and gas
Wyoming subbituminous (short test), 0.35% sulfur

flow before entering the fabric filter dust collector.

Project Funding burners control NOby injecting the coal and the com- The systems’were installed Or,] PUb"(,: Service Com-
Total project cost $27,411,462 100% pystion air in an oxygen-deficient environment. Addi- pany of Colorado.s Arapahog Station Un!t NO'.4' a
DOE 13,705,731 50 tional air was introduced via overfire air ports to complet%roo_'vlwe down-fired, pulverized-coal boiler with roof-
Participant 13,705,731 S0 the combustion process and further enhance O mounted burners.

moval. A urea-based selective noncatalytic reduction
DRB-XCL is a registered trademark of The Babcock & Wilcox Company.
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Calendar Year

*%k

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1999
3 41 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 2 3 2 3 1 2 3 4 1 2 3 4 1 2 3 4 3 4
12/89 3/91  pesignand  8/92 9/99

| Preaward | Construction Operation

DOE selected project
(CCT-Illy 12/19/89

Design initiated 6/90

NEPA process completed (MTF) 9/27/90

Environmental
monitoring plan
completed
8/5/93
Operation initiated 8/92

Construction completed 8/92

Preoperational tests initiated 6/92

Design completed 3/92

Ground breaking/construction started 5/21/91

Cooperative agreement awarded 3/11/91

Project completed/
final report issued
9/99*

Operation completed 12/96

*Projected date
** Years omitted

Results Summary

Environmental

DRB-XCL® burners with minimum overfire air re-
duced NQ emissions by more than 63% under steady
state conditions.

With maximum overfire air (24% of total combustion
air), a NQ reduction of 62-69% was achieved across
the 50-110-MWe load range.

NO, reduction capability decreased by 10-25% under
load-following conditions.

The SNCR system, using both stationary and retract-,
able injection lances in the furnace, provided NO
removal of 30-50% at an ammonia (ilip of

10 ppm, thus increasing performance of the tota) NO*
control system to greater than 80% N€duction.

SO, removal with dry calcium hydroxide injection into

duct, SQ removal was less than 40% at a calcium/
sulfur (Ca/S) molar ratio of 2.0.

Sodium bicarbonate injection before the air heater
demonstrated a long-term St@moval of approxi- .
mately 70% at a normalized stoichiometric ratio
(NSR) of 1.0.

Sodium sesquicarbonate injection ahead of the fabrie
filter achieved 70% S{removal at an NSR of 2.0.

NO, emissions were generally higher when using
sodium biocarbonate than when using sodium
sesquicarbonate.

Integrated SNCR and dry sodium-based sorbent injeé-
tion tests showed reduced Nahd NQ emissions.

During four series of air toxics tests, the fabric filter
successfully removed nearly all trace metal emissions
and 80% of the mercury.

Control system modifications and additional operator
training may be necessary to improve NOntrol
under load-following conditions.

Buildup of a hard ash cake on the fabric filter occurred
during operation with injection of calcium hydroxide
and use of humidification.

Temperature differential between the top and bottom
surfaces of the Advanced Retractable Injection Lances
(ARIL) caused the lances to bend downwards

12-18 inches. Alternative designs corrected the
problem.

Concurrent operation of SNCR and the dry sodium-
based sorbent injection system caused an ddidr
problem around the ash silo, which appeared to be
related to the rapid change in pH due to the sodium in
the ash.

Economic

the boiler economizer at approximately 1,000 °F was Operational

less than 10%; and with injection into the fabric filter «

Environmental Control Devices

Arapahoe Unit No. 4 operated more than 34,000 hours
with the combustion modifications in place. Avail-
ability factor was over 91%.

Economic data is not yet available.

Project Fact Sheets 101



Project Summary
The Integrated Dry N@SQ, Emissions Control System
combines five major control technologies to form an
integrated system to control both Nend SQ. The low-
NO,_ combustion system consists of 12 Babcock & Wil-
cox DRB-XCL®low-NO, burners installed on the boiler |-
roof. The low-NQcombustion system also incorporates
three Babcock & Wilcox dual-zone N@orts added to
each side of the furnace approximately 20 feet below th
boiler roof. These ports inject up to 25% of the total
combustion air through the furnace sidewalls.
Additional NQ, control was achieved with the urea-
based SNCR system. The SNCR when used with the
low-NO, combustion system allowed the goal of
70% NQ reduction to be reached. Further, the SNCR
system was an important part of the integrated system,
interacting synergistically with the dry sorbent injection
(DSI) system to reduce N@rmation and ammonia slip.
Initially, the SNCR was designed and installed to

Babcock & Wilcox included 84 I-Jet nozzles that can
inject up to 80 gal/min into the flue gas duct work.

Environmental Performance

The combined DRB-XCtburner and minimum overfire

air reduced NQemissions by over 63% under steady-
state conditions and with carefully supervised operations.
Under load-following conditions, NG&missions were
about 10-25% higher. At maximum overfire air (4% of
total combustion air), the low-N@ombustion system
reduced NQemissions by 62-69% across the load range
(60-110-MWe). The results verified that the low-NO
burners were responsible for most of the M&@iuction.

The original design of two rows of injector nozzles
low-NO, burners, in-duct sorbent injection, and SNCR at proved relatively ineffective because one row of injectors
Arapahoe Station near Denver. was in a region where the flue gas temperature was too
sootblower ports. Each lance was nominally 4 inches inlow for effective operation. At full load, the original
diameter and approximately 20 feet in length witha  design achieved NQeduction of 45%. However, the
single row of nine injection nozzles. Each injection performance decreased significantly as load decreased; at
, - ) o nozzle consisted of a fixed air orifice and a replaceable 60-MWe, NQ removal was limited to about 11% with an
Incorporate two levels of injectors with 10 injectors at liquid orifice. The ability to change orifices allowed not ammonia slip of 10 ppm. The addition of the retractable

each level. Levels were determined by temperature . . :

rofiles that existed with the original co);nbusrt)ion S stemOnly for removal and cleaning but adjustment of the ‘ances improved low-load performance of the urea-based
P ) ginal ¢ YoM njection pattern along the length of the lance in order toSNCR injection system. The ability to follow the tem-
However, the retrofit low-NQcombustion system re-

. . . compensate for any significant maldistributions of flue perature window by rotating the ARIL lances proved to
sulted ina decrease in furnace ?X't gas .te.mperature by gas velocity, temperature, or baseline N&ncentration. be an important feature in optimizing performance. As
approximately 200 °F, j[hus moving one |nje(?tor level OUtOne of the key features of the ARIL S)x/stem was its abilit§ result, the SNCR system achieved Mé&noval in the
of the Femperature regime needgd for. effecﬂve SNCR ™ ) rotate, thus providing a high degree of flexibility in ~ range of 30-50%, (at a NHlip limited to 10 ppm at the
opera.t|on. With only one operaﬂonalimjector level, Ioadbptimizing SNCR performance. fabric filter inlet), increasing total NOeduction to
following performar.lce was compromlsed. , The SQ control system was a direct sorbent injec- greater than 80%, significantly exceeding the goal

In order to achlevg the desirable N@duction .at tion system that could inject either calcium- or sodium- of 70%.
low loads, two aIternatlyes were explored. The first based reagents into the flue gas upstream of the fabric Testing of calcium hydroxide injection at the econo-
approach was to su.bstltute ammonia for urea. Itwas filter. Sorbent was injected into three locations: (1) air mizer without humidification resulted in S@&moval in
shown that ammonia was more effect|ve tha.n urea at IO\f\\l_eater exit where the temperature was approximately the range of 5-8% at a Ca/S molar ratio of 2.0. Higher
Ioadg An on-line urea-to-ammonia conversion system °F, (2) air heater entrance where the temperature w&§, removal was achieved with duct injection of calcium
was installed an.d resulted in improved low-load perfo.r- approximately 600 °F, or (3) the boiler economiegion  hydroxide and humidification, with S@emovals ap-
mance, but the improvement was not as large as deswe(\;vhere the flue gas temperatwas approximately proaching 40% at a Ca/S molar ratio of 2.0 and within
for. the onv?st Ioaq (60-MWe). The second approach Waf,ooo °F. To improve S@emoval with calcium hydrox- 20-30 °F approach-to-saturation. Sodium-based reagents
to install an§Ct0rS in th? higher tlempe.rature regions of tr,‘g‘e, a humidification system capable of achieving 20 °F were found to be much more effective than calcium-based
furnace. This was achieved by installing two NOELL approach-to-saturation was installed approximately 100sorbents and achieved significantly higher, &novals
ARIL lances into the furnace through two unused

feet ahead of the fabric filter. The system designed by during dry injection. Sodium bicarbonate injection be-
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fore the air heater demonstrated short-timg @@ovals  ditions, fabric filter pressure-drop significantly increasedCommercial Applications

of 80%. Long-term reductions of 70% were achieved This was caused by the buildup of a hard ash cake on tlfgther the entire Integrated Dry NSO, Emissions Con-
with an NSR of 1.0. Sodium sesquicarbonate achievedfabric filter bags that could not be cleaned under normalrol System or the individual technologies are applicable
70% removal at an NSR of 2.0 when injected ahead of reverse-air cleaning. The heavy ash cake was caused iy most utility and industrial coal-fired units and provide
the fabric filter. A disadvantage of the sodium-based the humidification system, but it was not determined  lower capital-cost alternatives to conventional wet flue
process was that it converted some existing NO tg NO whether the problem was due to operation at 30 °F ap- gas desulfurization processes. They can be retrofitted
Even though 5-10% of the N@as reduced during the  proach-to-saturation temperature or an excursion causewith modest capital investment and downtime, and their

conversion process, the net Néxiting at the stack was by a rapid decrease in load. space requirements are substantially less. They can be
increased. While NO is colorless, small quantities of The performance of the ARIL lances in N@moval applied to any unit size but are mostly applicable to the
brown/orange NQcaused a visible plume. was good; however, the location created some operationméer, small- to mid-size units.

A major objective was the demonstration of the problems. A large differential heating pattern between Contacts
integrated performance of the N@missions control the top and bottom of the lance caused a significant

i ) Terry Hunt, Project Manager, (303) 571-7113
systems and the S@moval technologies. The results amount of thermal expansion along the upper surface of . . .
Utility Engineering

showed that a synergistic benefit occurred during the the lance. This caused the lance to bend downwards 550 15th Street. Suite 800

simultaneous operation of the SNCR and the sodium DSlpproximately 12—-18 inches after 30 minutes of exposure. Denver, CO 80é02

system in that the .NJ-I.;hp from th.e SNCR process sup- Ever.1tua.IIy thg lances become pgrrpanently bent, thus Lawrence Saroff, DOE/HOQ, (301) 903-9483

pressed the NQemissions associated with NO to NO ~ making insertion and retraction difficult. The problem Jerry L. Hebb, FETC, (412) 892-6079

oxidation by dry sodium injection. was partially resolved by adding cooling slots at the end ' '
Four series of air toxic tests were completed. Resultéthe lance. An alternative lance design provided by References

indicated that the fabric filter successfully removed neariamond Power Specialty Company (a division of Bab- « Hunt, Terry,et al. “Integrated Dry NQ'SO, Emissions

all trace metal emissions and nearly 80% of the mercurycock & Wilcox) was tested and found to have less bend-  Control System: Performance Summangifth

emissions. Radionuclides, semi-volatile organic com- ing due to evaporative cooling, even though its NO Annual Clean Coal Technology Conference: Techni-
pounds, and dioxins/furans were below or very near theireduction and NHslip performance were slightly less cal Papers January 1997.
detectable limits. than for the ARIL lance.

) * Integrated Dry NQ'SQ, Emissions Control System
When the SNCR and dry sodium systems were oper- Calcium-Based Dry Sorbent Injection: Test Report,

ated concurrently, an Nfddor problem was encountered April 30—November 2, 1993Report No. DOE/PC/

around the ash silo. Reducing the J\ip se.t points to ~ 90550-T14. Fossil Energy Research Corporation and
the range of 4-5 ppm reduced the ammonia concentration Public Service Company of Colorado. December

in the fly ash to the 100-200 ppm range but the odor 1994. (Available from NTIS as DE95007932.)

Ersisted. It was found that the problem was related to )
Comprehensive Report to Congress on the Clean Coal

the rapid change in pH due to the presence of sodium in _ i
e ash. The rapid development of the high pH level and T?chnology Program: In.tegrate.d Dry Y6Q, Emis-
sion Control SystemPublic Service Company of

e attendant release of the ammonia vapor appear to be
Colorado. Report No. DOE/FE-0212P. U.S. Depart-

related to the wetting of the fly ash necessary to minimize )
fugitive dust emissions during transportation and han- ment of Energy. January 1991. (Available from NTIS
as DE91008624.)

dling. Handling ash in dry transport trucks solved this
problem.

Operating Performance

The Arapahoe Unit No. 4 operated more than 34,000
hours with the combustion modifications in place. The
availability factor during the period was over 91%.

The operational test objectives were met or ex-
ceeded. However, there were operational lessons learn
during the demonstration that will be useful in future
deployment of the technologies. These “lessons Iearne(%:
are summarized below. t

It was found that control system modifications and
additional operator training may be necessary to more
accurately control NQreductions using low-NCburners
under load-following conditions.

During the operation of the duct injection of calciumEconomic Performance
hydroxide and humidification under load-following con- Economic analysis is under way.
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Advanced Electric Power Generation
Fluidized-Bed Combustion

COMPRESSED AIR
| TO PCFB COMUSTOR
Mclntosh Unit 4A PCFB
Demonstration Project

Participant
City of Lakeland, Lakeland Electric

PRESSURE
VESSEL

HOT
CYCLONE

PCFB
COMBUSOR

[

Additional Team Members VITIATED AIR

Foster Wheeler Corporation—supplier of pressurized
circulating fluidized-bed (PCFB) combustor and heat COAL
exchanger and engineer STORAGE  CRUSHER

Siemens Westinghouse Power Corporation—supplier of
hot gas filter, gas turbine, and steam turbine —

FLY ASH

STEAM TURBINE

Location
Lakeland, Polk County, FL (Lakeland Electric’s MclIntosh BOTTOM ASH | CONDENSER

Power Station, Unit No. 4) EXHAUST

GAS

STEAM
Technology _ _ HEAT RECOVERY
Foster Wheeler’s PCFB technology integrated with STEAM GENERATOR

Siemens Westinghouse’s hot gas particulate filter system
(HGPFS) and power generation technologies

STACK

Plant Capacity/Production

137-MWe(net) Technology/Project Description V64.3 gas turbine. The gas inlet temperature of less than
Coal The project resulted from a restructuring of the DMEC-11,650 °F allows for a simplified turbine shaft and blade-
Eastern Kentucky and high ash, high sulfur bituminous PCFB Demonstration Project awarded under the third cooling system. The hot gas leaving the gas turbine
coals solicitation. In the first of the two Lakeland Electric passes through a heat recovery steam generator (HRSG).
projects, Mclntosh Unit No. 4A is being constructed witlHeat recovered from both the combustor and HRSG is
Project Funding a PCFB combustor adjacent to the existing Unit No. 3 used to generate steam to power a reheat steam turbine.

Total project cost $186,588,000 100% (see also Mcintosh Unit 4B Topped PCFB Demonstratiohpproximately 5-10% of the gross power is derived from
DOE 93,252,864 50

- Project). the gas turbine, with the steam turbine contributing
Participant 93,335,136 Coal and limestone are mixed and fed into the comthe balance.
Project Objective bustion chamber. Combustion takes place at a tempera- The project also includes an atmospheric fluidized-

To demonstrate Foster Wheeler's PCFB technology ~ ture of approximately 1,560-1,600 °F and a pressure ofbed unit that can be fired on coal or char from the
coupled with Siemens Westinghouse’s ceramic candle about 200 psig. The resulting flue gas and fly ash leaviegrbonizer and will replace the PCFB unit during times of
type HGPFS and power generation technologies, whichthe combustor pass through a cyclone and ceramic canBl€FB unavailability, allowing various modes of

represent a cost-effective, high-efficiency, low-emissiondype HGPFS where the particulates are removed. The foperation.

means of adding generating capacity at greenfield sites @®s leaving the HGPFS is expanded through a Siemens

in repowering applications.
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Calendar Year *%

1991 |[** 1996 1997 2000 2001 2002 2003 2004 2005 2006 2007
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 41 2 3 4 1 2 3 4 1 2

12/89 Preaward
8/91 7103 7105
| Design and Construction Operation
A A A
Groundbreaking/
construction
Site change approved started 7/01* Operation initiated 7/03*
NEPA process completed (EIS i initi
(Lakeland) 10/29/96 10/00*D p (EIS) Preoperational tests initiated 7/03* Project completed/
Construction completed 7/03* final report issued 7/05*
Cooperative Agreement i ;
awa?ded 8/1/991 Design completed 9/00* Environmental monitoring Operation completed 7/05*
Cooperative Agreement plan completed 4/03*

. signed 12/19/97
DOE selected project

(CCT-lll) 12/19/89
*Projected date
**Years omitted

Project Status/Accomplishments 1,400 °F, the candle filters performed for over 1,000  match load growth or to repower plants using existing

On December 19, 1997, a Cooperative Agreement modihours at design levels without evidence of ash bridging coal- and waste-handling equipment and steam turbines.
fication was signed implementing the project restructur- or structural failure. Three new oxide-based candle  Another advantage for repowering applications is the

ing from DMEC-1 to the City of Lakeland. The Lakelandfilters showed promise as well and will undergo further compactness of the process due to pressurized operation,
City Council gave approval for the 10 year plan of Lake-testing because of the potential for reduced cost and which reduces space requirements per unit of energy
land Electric (formerly Department of Electric & Water  operation at higher temperatures. generated.

Utilities), which included this project, in April 1998. The . L The projected net heat rate for the system is approxi-
. . . Commercial Applications . )
project schedule anticipates the start of commercial op- . mately 9,480 Btu/kWh (HHV), which equates to an effi-
) i The project serves to demonstrate the PCFB technology . : i .

eration of the PCFB (Mclintosh 4A) in 2003. In parallel . . . . —ciency greater than 36%. Environmental attributes in-
. . . to readiness for widespread commercial deployment in o .
with the first two years of operation of the PCFB, the . . ) . clude in-situ sulfur removal of 95%, N®missions less
. . . 0st-2000. The project will include the first commercial . .
design, fabrication, and construction of the topped PCFBp L . than 0.3 Ib/10Btu, and particulate matter discharge less
) ) application of hot gas particulate cleanup and one of the i o )
technology (Mclntosh 4B) will occur, with a planned startf. . L . t(f])an 0.03 Ib/19Btu. Solid waste will increase slightly as
A irst to use a non-ruggedized gas turbine in a pressurize , o
of operation in 2005. fluidized-bed application compared to conventional systems, but the dry material is
Negotiations continue between Lakeland and Foster PP ' readily disposable or potentially usable.

Wheel the Endi p Construct (EPC The combined-cycle PCFB system permits the com-
eeleron e nglneer.- rocure-Construct ( ) pro- bustion of a wide range of coals, including high-sulfur
posal for the technology island.

. coals, and would compete with the pressurized bubbling-
Recent efforts focused on testing of the HGPFS, .
L . ' bed fluidized-bed system. PCFB can be used to repower
which is critical to system performance. Silicon carbide .
) . . . or replace conventional power plants. Because of modu-
candle filters proved effective under conditions simulat-

lar construction capability, PCFB generating plants per-
ing those of the demonstration unit. At both 1,550 °F ang. g P v L. 9 gp .p
mit utilities to add economical increments of capacity to

Advanced Electric Power Generation Project Fact Sheets 107



Advanced Electric Power Generation
Fluidized-Bed Combustion

Mcintosh Unit 4B Topped PCFB
Demonstration Project

Participant
City of Lakeland, Lakeland Electric

Additional Team Members

Foster Wheeler Corporation—supplier of carbonizer;
engineer

Siemens Westinghouse Power Corporation—supplier of
topping combustor and high-temperature filter

Location
Lakeland, Polk County, FL (Lakeland Electric’s McIntosh
Power Station, Unit No. 4)

Technology

Fully integrated second-generation PCFB technology wit
the addition of a carbonizer island that includes Siemens
Westinghouse’s multi-annular swirl-burner (MASB)
topping combustor

pm

SORBENT
STORAGE

Y

COAL

sTORAGE CRUSHER

HGPFS PRESSURE TU%E?NE
HOT VESSEL HGPFS
CYCLONE Hot A—a )
CARBONIZER CYCLONE ‘
MCINTOSH 4A TOPPING
PCFB COMBUSTOR

CHAR l
y X

COMPRSSED AIR TO CARBONIZER
AND PCFB COMBUSTOR

HOT FUEL GAS

COMBUSTOR

_»

FLY ASH

STEAM TURBINE

BOTTOM ASH

CONDENSER

STEAM
HEAT RECOVERY

TEAM GENERATOR
s G ° STACK

Plant Capacity/Production

103-MWe (net) addition to the 137-MWe (net) Mcintosh Technology/Project Description

4A project

Coal

The project resulted from a restructuring of the Four
Rivers Energy Modernization Project awarded under theAfter cooling the syngas to about 1,200 °F, the char and

streams. The limestone is used to absorb sulfur com-
pounds generated during the mild gasification process.

Eastern Kentucky and high ash, high sulfur bituminous fifth solicitation. The Four Rivers project was to demonlimestone entrained with the syngas are removed by a hot

coals

strate the integration of a carbonizer (gasifier) and top- gas particulate filter system (HGPFS). The char and

ping combustor (topping cycle) with the PCFB technol- limestone are then transferred to the PCFB combustor for

Project Funding
Total project cost
DOE

Participant

$219,635,546
109,608,507 50
110,027,039

Project Objective

cycle efficiencies in excess of 45%.

108 Project Fact Sheets

The project involves the addition of a carbonizer
To demonstrate topped PCFB techno|ogy ina fu||y Com-iS'ﬁﬂd to the PCFB demonstrated in the McIntosh 4A
mercial power generation setting, thereby advancing theProject. Dried coal and limestone are fed via a lock hopthe addition of the topping cycle is an increase in both
technology for future plants that will operate at higher gd¥r system to the carbonizer with part of the gas turbinepower output and efficiency. The coal and limestone

turbine inlet temperatures and are expected to achieve discharge air. The coal is partially gasified at about

1,750-1,800 °F to produce syngas and char solids

ogy. By using a phased approach, Lakeland Electric wilcomplete carbon combustion and limestone utilization.
100% he able to demonstrate both PCFB (Mcintosh 4A) and
topped PCFB (Mclintosh 4B) technologies at one
plant site.

The hot, cleaned, filtered syngas is then fired in the
MASB topping combustor to raise the turbine inlet tem-
perature to approximately 2,350 °F. The gas is expanded
through the turbine, cooled in a heat recovery steam
generator, and exhausted to the stack. The net impact of

used in MclIntosh 4B are the same as those used in Mcln-
tosh 4A.
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Calendar Year *% *k *%

1994 [** 1996 1998 2000 2001 2003 2004 2005 2006 2007 2008
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 41 2 3 4 1 2 3 4 1 2

5/93

Preaward
8/94 7105 7107
| Design and Construction Operation
A A A
NEPA process ] Project completed/
completed (EIS) 10/00* final report issued 7/07*
Site change approved . . Operation completed 7/07*
(Lakeland) 10/29/96 Cooperative Agreement signed
1/29/98 Operation initiated 7/05*
Cooperative agreement ) Design initiated 7/03* Preoperational tests initiated 7/05*
awarded 7/28/94; effective Construction completed 7/05*
8/1/94
DOE selected project Environmental monitoring plan completed 4/05*
(CCT-V) 5/4/93 Groundbreaking/construction started 5/04*

*Projected date

1 *
Design completed 5/04 +years omitted

The 240-MWe (net) plant is expected to have a heabn the Engineer-Procure-Construct (EPC) proposal for te®n limits that are half those allowed by New Source
rate of 8,776 Btu/kwh (40.6% efficiency; HHV). The technology island. Performance Standard (NSPS), (3) operate economically
design SQcapture efficiency rate is 95%. Particulate Recent efforts focused on testing of the HGPFS, on a wide range of coals, and (4) be amenable to shop
and NQ emissions are expected to be 0.02 |bBify and which is critical to system performance. Silicon carbide fabrication. The benefits of improved efficiency include
0.17 Ib/10 Btu, respectively. In the final configuration, and alumina/mullite candle filters proved effective underreduced cost for fuels and a reduction in,@@issions.
the gas turbine will produce 58-MWe and the steam tur-conditions simulating those of the demonstration unit. At The commercial version of the topped PCFB tech-
bine will produce 207-MWe, while plant auxiliaries will both 1,550 °F and 1,400 °F, the candle filters performednology has other environmental attributes, which include
consume about 25 MWe. for over 1,000 hours at design levels without evidence oin-situ sulfur retention that can meet 95% removalk NO
. . ash bridging or structural failure. Three new oxide-basedmission that will be lower than 0.3 Ibf1Btu, and par-
Project Status/Accomplishments ) . . . . .

candle filters showed promise as welhese will undergo ticulate matter discharge of approximately 0.03 1b/10

On January 29, 1998, a Cooperative Agreement modifi- : ) . o
y P g further testing because of the potential for reduced cost aiu. Although the system will generate a slight increase

cation was signed implementing the project restructurin . . . . .

. . %peratlon at higher temperatures. in solid waste as compared to conventional systems, the
from Four Rivers Energy Partners to the City of Lakeland. material is a drv. readilv disposable. and potentially us
The Lakeland City Council gave approval for the 10 yeaCommercial Applications able material Y. y disp ' P y

plan of Lakeland Electric (formerly Department of Elec- The commercial version of the topped PCFB technology
tric & Water Utilities), which included this project, in will have a greenfield net plant efficiency of 45% (which
April 1998. In parallel with the first two years of opera- equates to a heat rate approaching 7,500 Btu/kWh,

tion of the PCFB (Mcintosh 4A), the design, fabrication, HHV). In addition to higher plant efficiencies, the plant
and construction of the topped PCFB technology will takwill (1) have a cost of electricity that is projected to be
place. Start of operation is planned for late 2005. Negd0% lower than that of a conventional pulverized-coal-
tiations continue between Lakeland and Foster Wheelerfired plant with flue gas desulfurization, (2) meet emis-
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JEA Large'scale CFB FLUIIDCIIZRECDLfllilI‘;E'\é%ILER
Combustion Demonstration
Project

Participant

JEA (formerly Jacksonville Electric Authority) SECONDARY
AR

Additional Team Member — N
Foster Wheeler Energy Corporation—co-owner and tech
nology supplier

HEAT PARTICULATE
EXCHANGER CONTROL

/ FEED POLISHING DEVICE
SCRUBBER \

WATER
; PARTICULATES

s

STEAM
@ CONDENSER
PROCESS STEAM

COAL LIMESTONE

D

STACK

Location
Jacksonville, Duval County, FL (JEA's Northside Station, AR

Unit No. 2) BOTTOM
ASH

Technology
Foster Wheeler’s atmospheric circulating fluidized-bed
(ACFB) combustor GEN.

. . SOLID WASTE
Plant Capacity/Production STEAM TURBINE

297.5-MWe (gross), 265-MWe (net)

Coal

Eastern bituminous, 0.7% sulfur (design) . o _— .
Technology/Project Description through the use of a polishing scrubber to be installed

Project Funding A circulating fluidized-bed combustor, operating at at- ahead of the particulate control equipment.

Total project cost $309,096,512 100% mospheric pressure, will be retrofitted into Unit No. 2 of ~ Steam is generated in tubes placed along the

DOE 74,733,633 24 the Northside Station. Coal or the secondary fuel (petrasombustor’s walls and superheated in tube bundles
Participant 234,362,679 76 leum coke), primary air, and a solid sorbent (such as  placed downstream of the particulate separator to protect
Project Objective limestone), are introduced into the lower part of the against erosion. The system will produce approximately
To demonstrate ACFB at 297.5-MWe gross (265-MWe combustor where initial combustion occurs. As the coal x1@ Ib/hr of main steam at about 2,400 psig and
particles decrease in size due to combustion, they are 1,005 °F and 1.73 x ib/hr of reheat steam at 600 psig
carried higher in the combustor when secondary air is and 1,005 °F. The steam will be used in an existing
introduced. As the coal particles continue to be reduce@97.5-MWe (nameplate) steam turbine. The heat rate for
in size, the coal, along with some of the sorbent, is car-the retrofit plant is expected to be approximately 9,950
ried out of the combustor, collected in a cyclone separaBtu/kWh (34% efficiency; HHV).

tor, and recycled to the lower portion of the combustor.

Primary sulfur capture is achieved by the sorbent in the

bed. However, additional S@apture is achieved

net) representing a scale-up from previously constructed
facilities; to verify expectations of the technology’s eco-
nomic, environmental, and technical performance to
provide potential users with the data necessary for evalu
ating a large-scale ACFB as a commercial alternative; to
accomplish greater than 90% sS®moval; and to reduce
NO, emissions by 60% when compared with conven-
tional technology.
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Calendar Year Kk *k ok *k

1989 1990 1992 1993 1995 1997 1999 2000 2001 2002 2003
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 41 2 3 4 1 2 3 4 1 2

6/89 11/90 9/97 5/02 5/04
Preaward | Project Restructuring | Design and Construction Operation

A A T A A T T A

Project resited Operation initiated
(York) 6/93 5/02*
Construction completed

DOE selected

project (CCT-I) Design completed

6/23/89 11/00* 3/02*
NEPA process completed .
(EIS York site) 8/11/95 Preoperational tests started 7/01*
Project restructured and resited Egr\g;?gtfggn;%ﬁonimrmg plan
. (Jacksonville) 8/26/97 Groundbreaking/
Project restructured 6/92 construction started 10/99*  Project completed/final report issued 5/04*
Cooperative agreement modified 9/29/97 NEPA process completed Operation completed 5/04*
Cooperative agreement (EIS Jacksonville site) 10/99* -
awarded 11/30/90 Projected date
**Years omitted
Project Status/Accomplishments grated recycle heat exchanger (INTREX™) in the fur- In its commercial configuration, ACFB technology

The project was successfully resited to Jacksonville, nace, steam-cooled cyclones, a parallel pass reheat comffers several potential benefits when compared to con-
Florida after York County Energy partners and Metropolitrol, an SQ polishing scrubber, and a fabric filter for ventional pulverized coal-fired systems: lower capital
tan Edison Company terminated activities on the ACFB particulate control. Expected environmental performanamsts; reduced S@nd NQ emissions at lower costs;

in September 1996. On August 26, 1997, DOE approveid 0.17 Ib/10 Btu for SQ (98% reduction), 0.11 Ib/20 higher combustion efficiency; and dry, granular solid
the transfer of the ACFB clean coal project from York, Btu for NQ, and 0.017 Ib/10Btu for total particulates ~ material that is easily disposed of or potentially salable.
Pennsylvania, to Jacksonville. On September 29, 1997,(0.013 Ib/16 Btu for PM,).

DOE signed a modified cooperative agreement with JEACommerciaI Applications

to cost-share refurbishment of the first (Unit No. 2) of ACFB technology has good potential for application in

two units at Northside Generating Station. both the industrial and utility sectors, whether for use in

A Public Scoping Meeting on the Environmental . . . o .
repowering existing plants or in new facilities. ACFB is
Impact Statement (EIS) was held on December 3, 1997 aE . .
. : . : attractive for both baseload and dispatchable power
the Northside Station. The draft EIS is being prepared

. C applications because it can be efficiently turned down to
and was submitted for review in March 1999.

. . ) . 25% of full load. Coal of any sulfur or ash content can
The project, currently in design, moves atmospherlcbe used, and any type or size of a unit can be repowered
fluidized-bed combustion technology to the larger sizes ([);] repowering applications, an existing plant area is used
utility boilers typically considered in capacity additions i i ' . '
and coal- and waste-handling equipment as well as steam

and replacements. The nominal 300-MWe demonstratiop . . . . .
. . ) .__turbine equipment are retained, thereby extending the life
unit in the JEA project will be more than double the size

of the Nucla unit (110-MWe). Features include an inte-
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PRESSURIZED
| FLUIDIZED-BED BOILER
PRESSURE
. . VESSEL
Tidd PFBC Demonstration /—s( e
Project COMPRESSED
P AR
Project completed. - [Q CLEAN
Participant 33E2¥8T§é H VSSESDEL HoTens
The Ohio Power Company |
. COAL —
Additional Team Members WATER —> _T, l
American Electric Power Service Corporation— =)
designer, constructor, and manager
The Babcock & Wilcox Company—technology supplier ——
Ohio Coal Development Office—cofunder
ELECTROSTATIC

Location c OAOSI|_-|ER PRECIPITATOR
Brilliant, Jefferson County, OH (Ohio Power Company’s FLY ASH T STACK
Tidd Plant, Unit No. 1) BED ASH ‘CYggaNE m
Technology FEED WATER
The Babcock & Wilcox Company’s pressurized fluidized INLET TO DISPOSAL
bed combustion (PFBC) system (under license from AB
Carbon)
;’(I)a_thVC\:/:pzszltt)y/Productlon Technology/Project Description sulfur to form calcium sulfate, a dry, granular bed-ash

Tidd was the first large-scale operational demonstrationmaterial, which is easily disposed of or is usable as a by-
Coal of PFBC in the United States. The project represented product. A low bed-temperature of about 1,600 °F limits
Ohio bituminous, 2—-4% sulfur 13:1 scaleup from the pilot facility. NO, formation.
Project Funding The boiler, cyclones, bed reinjection vessels, and The hot combustion gases exit the bed vessel with
Total project cost $189.886,339 100% associated hardware were encapsulated in a pressure entrained ash particles, 98% of which are removed when
DOE 66,956,993 35 vessel 45 feet in diameter and 70 feet high. The facilitythe gases pass through cyclones. The cleaned gases are
Participant 122.929 346 65 Was designed so that one-seventh of the hot gases prothen expanded through a 15-MWe gas turbine. Heat

duced could be routed to an Advanced Particulate from the gases exiting the turbine, combined with heat
Project Objective Filter (APF). from a tube bundle in the fluid bed, generates steam to
To verify expectations of PFBC economic, environ- The Tidd facility is a bubbling fluidized-bed com-  drive an existing 55-MWe steam turbine.

mental, and technical performance in a combined-cycle pustion process operating at 12 atm (175 psi). Pressur-

repowering application at utility scale; and to accomplishized combustion air is supplied by the turbine compressor

greater than 90% S®@emoval and NQemission level of 1o fluidize the bed material, which consists of a coal-

0.2 Ib/10 Btu at full load. water fuel paste, coal ash, and a dolomite or limestone
sorbent. Dolomite or limestone in the bed reacts with
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Calendar Year

1990 1991 1992 1993 1994 1995 1996

1986 1987
3 4 1 2
Preaward
7/86 3/87

Design and Construction

3/91 12/95
Operation

!

Environmental monitoring
plan completed 5/25/88

Groundbreaking ceremony 4/6/88

Construction started 12/9/87

Cooperative agreement awarded 3/20/87
NEPA process completed (MTF) 3/5/87

DOE selected project (CCT-1) 7/24/86

] T

Operation initiated 3/91 Project
. completed/
Preoperational tests started 12/90 final report

Construction completed 12/90 issued 12/95

Design completed 12/90
Operation completed 3/95

Results Summary

Environmental

+ Sorbent size had the greatest effect on @@oval

efficiency as well as stabilization and heat transfer
characteristics of the fluidized-bed.

+ S0, removal efficiency of 90% was achieved at full

load with a calcium-to-sulfur (Ca/S) molar ratio of

1.14 and temperature of 1,580 °F.

+ S0, removal efficiency of 95% was achieved at full
load with a Ca/S molar ratio of 1.5 and temperature of

1,580 °F.

Economic

* NO,_emissions were 0.15-0.33 Ibf1Bxu. .
» CO emissions were less than 0.01 [6/&fu.

» Particulate emissions were less than 0.02 fiBt0.

Operational

» Combustion efficiency ranged from an average 99.3% 1999, projected a capital cost of $1,263/kW (1997$).

at low bed levels to an average 99.5% at moderate to

full bed levels.

Advanced Electric Power Generation

Heat rate was 10,280 Btu/kWh (HHV-gross output) Project Summary
(33.2% efficiency) because the unit was small and noThe Tidd PFBC technology is a bubbling fluidized-bed
attempt was made to optimize heat recovery. combustion process operating at 12 atmospheres
An Advanced Particulate Filter (APF), using a silicon (175 psi). Fluidized combustion is inherently efficient.
carbide candle filter array, achieved 99.99% filtration A pressurized environment further enhances combustion
efficiency on a mass basis. efficiency, allowing very low temperatures that mitigate
thermal NQ generation, flue gas/sorbent reactions that
increase sorbent utilization, and flue gas energy that is
used to drive a gas turbine. The latter contributed signifi-
cantly to system efficiency because of the high efficiency
of gas turbines and the availability of gas turbine exhaust
heat that can be applied to the steam cycle. A bed design
The Tidd plant was a relatively small-scale facility, as€mperature of 1,580 °F was established because it was
such, detailed economics were not prepared as part §}€ maximum allowable temperature at the gas turbine
this project. inlet and was well below temperatures for coal ash fu-
A recent cost estimate performed on Japan’s 360-MV\S/«i90n’ thermal NQforrrlat_ion, and alkali va_pc_)rizatio.n.
PFBC Karita Plant, due to commence operation in Coal crushed to ¥z inch o less was_ Wected into the
combustor as a coal/water paste containing 25% water by
weight. Crushed sorbent, either dolomite or limestone,
was injected into the fluidized bed via two pneumatic

PFBC boiler demonstrated commercial readiness.

ASEA Stal GT-35P gas turbine proved capable of
operating commercially in a PFBC flue gas
environment.
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feed lines, supplied from two lock hoppers. The sorber80% increase in sorbent utilization. In addi-

feed system initially used two injector nozzles but tion, the process was much more stable as
was modified to add two more for nozzles to indicated by reductions in temperature varia-
enhance distribution. tions in both the bed and the evaporator tubes

In 1992, a 10-MWe equivalent APF was installed  Further, sintering was effectively eliminated.
and commissioned as part of a research and development NO, emissions ranged from 0.15-0.33
program and not part of the CCT demonstration. This Ib/1CF Btu, but were typically 0.2 Ib/2®Btu
system used ceramic candle filters to clean one-seventidafing the demonstration. These emissions
the exhaust gases from the PFBC system. The hot gaswere inherent to the process, which was opera

cleanup system unit replaced one of the seven ing at approximately 1,580 °F. No N€ontrol

secondary cyclones. enhancements, such as ammonia injection,
The Tidd PFBC demonstration plant accumulated were required. Emissions of carbon monoxid

11,444 hours of coal-fired operations during its 54 and particulates were less than 0.01 and 0.02

months of operation. The unit completed 95 parametriclb/1CF Btu, respectively.
tests, including continuous coal-fired runs of 28, 29, 30
31, and 45 days. Ohio bituminous coals having sulfur
contents of 2—4% were used in the demonstration.

'Operational Performance
Except for localized erosion of the in-bed tube
bundle and the more general erosion of the
Environmental Performance water walls, the Tidd boiler performed ex-
Testing showed that 90% $Capture was achievable tremely well and was considered a commer- ]

with a Ca/S molar ratio of 1.14 and that 95%, 8@pture cially viable design. The in-bed tube bundle 5  11c PEBC demonstration at the repowered 70-MWe unit at Ohio

was possible with a Ca/S molar ratio of 1.5, provided the@xperienced no widespread erosion that woultPower’s Tidd Plant led to significant refinements and understanding of
size gradation of the sorbent being utilized was opti-  require significant maintenance. While the the technology.

mized. This sulfur retention was achieved at a bed tem+tube bundle experienced little wear, a signifi-
perature of 1,580 °F and full bed height. Limestone in- cant amount of erosion on each of the four water walls
duced deterioration of the fluidized-bed, and as a resultwas observed. This erosion posed no problem, howev

testing focused on dolomite. The testing showed that because the area affected is not critical to heat transfer
sulfur capture as well as sintering was sensitive to the and could be protected by refractory.

fineness of the dolomite sorbent (Plum Run Greenfield The prototype gas turbine experienced structural )
dolomite was the design sorbent). Sintering of fluidizedproblems and was the leading cause of unit unavailabilit§/3'2% ata pomt where th_e cycle_prodyced 70-MWe of
bed materials, a fusing of the materials rather than effecduring the first 3 years of operation. However, design gross electrical powe_r while burning P'“Sb“rgh No. 8_

tive reaction, had become a serious problem that requirettanges instituted over the course of the demonstrationc_oal' Because the_ Tidd plant was a repowering appll_ca-
operation at bed temperatures below the optimum for proved effective in addressing the problem. The Tidd t',or' at a comparatively small scale, the measured effi-

effective boiler operation. Tests were conducted with demonstration showed that a gas turbine could operate fhency d.o.es not represent.what. would be expected for a

sorbent size reduced from minus 6 mesh to a minus 12 a PFBC flue gas environment. larger utility-scale plant using T'.dd technology.. StUd'?S
mesh. The result with the finer material was a major, Efficiency of the PFBC combustion process was conducted unde_r_the _PFBC Utility Demons_tratlon Project

positive impact on process performance without the ex- calculated during testing from the amount of unburned showed _that efficiencies of over 40% are likely for a
pected excessive elutriation of sorbent. The finer materdrbon in cyclone and bed ash, together with measure- larger utility-scale PFB_C pIanF.
increased the fluidization activity as evidenced by a 10%mnents of the amount of carbon monoxide in the flue gas. In summary, the Tidd project showed that the PFBC

improvement in heat transfer rate and an approximately Combustion efficiencies averaged 99.5% at moderate tosystem could be app"e‘?' to elef:trlc power Qef“?ra“"”-
Further, the demonstration project led to significant re-

full bed heights, surpassing the design or expected effi-
e?,iency of 99.0%.
Using data for typical full-load operation, a heat rate
of 10,280 Btu/kWh (HHV basis) was calculated. This
corresponds to a cycle thermodynamic efficiency of
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finements and understanding of the technology in the The Tidd project receivedowermagazine’s 1991  « Tidd PFBC Demonstration Project Topical Report—

areas of turbine design, sorbent utilization, sintering,  Powerplant Award. In 1992, the project received the First Eighteen Months of OperatiorReport No.
post-bed combustion, ash removal, and boiler materialsNational Energy Resource Organization award for dem- DOE/MC/24132-3746. The Ohio Power Company.

Testing of the APF for over 5,800 hours of coal-firecbnstrating energy-efficient technology. March 1994. (Available from NTIS as DE94004120.)
operation showed that the APF vessel was structurally Contacts « Tidd PFBC Demonstration Project: Public Final
adequate; the clay-bonded silicon carbide candle fiItersNIalrio Marrocco, (614) 223-2460 Design Report.Report No. DOE/MC/24132-3195.
were structl_JraI_Iy adequ_a te un_Iess subjected o side 108dS” \ merican Electric Power Service Corporation The Ohio Power Company. October 1992. (Available
from ash bridging or build-up in the vessel; bridging was 1 Riverside Plaza from NTIS as DE93000234.)

precluded with larger particulates included in the particu-
late matter; and filtration efficiency (mass basis)
was 99.99%.

Columbus, OH 43215,
(614) 223-3204 (fax)

George Lynch, DOE/HQ, (301) 903-9434
Economic Performance Donald W. Geiling, FETC, (304) 285-4784
The Tidd plant was a relatively small-scale demons“aﬁoﬁeferences

facility, so detailed economics were not prepared as part .
of this project. However, a recent cost estimate per- Tidd PFBC Hot Gas Clean Up Program Final Report

formed on Japan’s 360-MWe PFBC Karita Plant, due to Report No. DOE/MC/26042-5130. The Ohio Power

commence operation in 1999, projected a capital cost of Company. October 1995. (Available from NTIS as

$1,263/kW (1997%). DE96000650.)

« Tidd PFBC Demonstration Project Final Report,
Including Fourth Year of OperationThe Ohio Power
Company. August 1995. (Available from DOE
Library/Morgantown, 1-800-432-8330, ext. 4184 as [Nl
DE96000623.) -

Tidd PFBC Demonstration Project Final Report,
March 1, 1994—March 30, 199Report No. DOE/

Commercial Applications

Combined-cycle PFBC permits use of a wide range of
coals, including high-sulfur coals. The compactness of
bubbling-bed PFBC technology allows utilities to signifi-
cantly increase capacity at existing sites. Compactness of
the process due to pressurized operation reduces spacée
requirements per unit of energy generated. PFBC tech-
nology appears to be best suited for applications of 50- ~ MC/24132-T8. The Ohio Power Company. August
MWe or larger. Capable of being constructed modularly, 1995 (Available from NTIS as DE96004973.) _
PFBC generating plants permit utilities to add increments Tidd PFBC Demonstration Project—First Three Yearg§y™ §
of capacity economically to match load growth. Plant life of Operation. Report No. DOE/MC/24132-5037-vol.
can be extended by repowering with PFBC using the 1 and 2. The Ohio Power Company. April 1995. 3
existing plant area, coal- and waste-handling equipment, (Available from NTIS as DE96000559 for vol. 1 and ™
and steam turbine equipment. DE96003781 for vol. 2.) ‘

The 360-MWe Karita Plant in Japan, which will use « A Study of Hazardous Air Pollutants at the Tidd PFBC
ABB Carbon P800 technology, represents a major move Demonstration PlantReport No. DOE/MC/26042- '
toward commercialization of PFBC bubbling-bed tech-  4083. American Electric Power Service Corporation. fi
nology. A second generation P200 PFBC is under con-  QOctober 1994. (Available from NTIS as DE95009729.

struction in Germany. Other PFBC projects are under A Cal and sorbnt conveyars an seen just after
consideration in China, South Korea, the United King- entering the Tidd Plant.

dom, ltaly, and Israel.
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Nucla CFB Demonstration
Project

Project completed.

Participant
Tri-State Generation and Transmission Association, Inc
(formerly Colorado-Ute Electric Association, Inc.)

Additional Team Members

Foster Wheeler Energy Corporation*—technology sup-
plier

Technical Advisory Group (potential users)—cofunder
Electric Power Research Institute—technical consultant

Location
Nucla, Montrose County, CO (Nucla Station)

Technology
Foster Wheeler’'s atmospheric circulating fluidized-bed
(ACFB) combustion system

Plant Capacity/Production
100-MWe (net)

Coal

Western bituminous—
Salt Creek, 0.5% sulfur, 17% ash
Peabody, 0.7% sulfur, 18% ash
Dorchester, 1.5% sulfur, 23% ash

Project Funding

Total project cost $46,512,678 100%
DOE 17,130,411 37
Participant 29,382,267 63

*Pyropower Corporation, the original technology developer and
supplier, was acquired by Foster Wheeler Energy Corp.
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ATMOSPHERIC CIRCULATING
FLUIDIZED-BED BOILER

é CYCLONE

HEAT
EXCHANGER
FABRIC
FILTER

COAL LIMESTONE

&z &

STACK

I FLY ASH

STEAM

d TO BOILER

[ FEED WATER

o

SOLID WASTE TO DISPOSAL

STEAM TURBINE

Project Objective bent improves mixing and extends the contact time of
To demonstrate the feasibility of ACFB technology at  solids and gases, thus promoting high utilization of the
utility scale and to evaluate the economic, environmentalgoal and high-sulfur-capture efficiency. Heat in the flue
and operational performance at that scale. gas exiting the hot cyclone is recovered in the econo-
mizer. Flue gas passes through a baghouse where par-
ticulate matter is removed. Steam generated in the
éAngiFB is used to produce electric power.

Three small, coal-fired, stoker-type boilers at Nucla
Station were replaced with a new 925,000-Ib/hr ACFB
steam generator capable of driving a new 74-MWe tur-
bine generator. Extraction steam from this turbine gen-

Technology/Project Description
Nucla’s circulating fluidized-bed system operates at at-
mospheric pressure. In the combustion chamber, a stre
of air fluidizes and entrains a bed of coal, coal ash, and
sorbent (e.g., limestone). Relatively low combustion
temperatures limit NOformation. Calcium in the sorbent
combines with SQgas to form calcium sulfite and sulfate ¢ h isting turbi ‘
solids, and solids exit the combustion chamber and flow erator powers fhree existing turbine generators
. . (12-MWe each).
into a hot cyclone. The cyclone separates the solids from . _

In 1992, Colorado-Ute Electric Association, Inc.,

the gases, and the solids are recycled for combustor tem- . .
. . . the owner of Nucla Station, was purchased by Tri-State
perature control. Continuous circulation of coal and sor-

Generation and Transmission Association, Inc.
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Calendar Year

1987

3 4|1 2 3

1997

10/87
| Preaward

10/88

Operation

A

DOE selected
project (CCT-I)
10/7/87

Cooperative agreement awarded 10/3/88

Operation test program initiated 8/88

NEPA process completed (MTF) 4/18/88

Environmental monitoring
plan completed 2/27/88

4/92

. Project completed/final report issued 4/92
Operation
completed 1/91

Results Summary

Environmental

Bed temperature had the greatest effect on pollutant

emissions and boiler efficiency.

At bed temperatures below 1,620 °F, sulfur capture
efficiencies of 70 and 95% were achieved at calcium-

to-sulfur (Ca/S) molar ratios of 1.5 and 4.0,

respectively.

During all tests, NOemissions averaged 0.18 16710

Btu and did not exceed 0.34 Ibf1Btu.
CO emissions ranged from 70-140 ppmv.

Particulate emissions ranged from 0.0072-0.0125

Ib/1C° Btu, corresponding to a removal efficiency

of 99.9%.

Solid waste was essentially benign and showed potermsf 1,400-1,700 °F, well below the thermal-l\f@rma-
tial as an agricultural soil amendment, soil/road bed tion temperature (2,500 °F), and high_S@pture effi-

stabilizer, or landfill cap.

Advanced Electric Power Generation

Operational bed, which dictates a low-fluidization velocity, ACFB
« Boiler efficiency ranged from 85.6-88.6% and com- USes & relatively high fluidization velocity, which entrains
the bed material. Hot cyclones capture and return the
solids emerging from the turbulent bed to control tem-
perature and extend the gas/solid contact time and to
protect a downstream heat exchanger.

Interest and participation of the Department of En-
Economic ergy, Electric Power Research Institute, and Technical

» Capital cost for the Nucla retrofit was $1,123/kW and éAdwsory Group (potential users) resulted in the evalua-

normalized power production cost was 64 mills/kWh. tion of ACFB potential for broad utility application
through a comprehensive test program. Ovéfge&ar

PI’OjeCt Summary period, 72 steady-state performance tests were conducted
Fluidized-bed combustion evolved from efforts to find aand 15,700 hours logged. The result was a database that
combustion process conducive to controlling pollutant remains the most comprehensive, available resource on
emissions without external controls. Fluidized-bed ACFB technology.

combustion enables efficient combustion at temperatur

bustion efficiency ranged from 96.9-98.9%.
A 3:1 boiler turndown capability was demonstrated.

Heat rate at full load was 11,600 Btu/kWh and was
12,400 Btu/kWh at half load.

e(gperational Performance

Between July 1988 and January 1991, the plant operated
é‘Vith an average availability of 58% and an average capac-
ity factor of 40%. However, toward the end of the dem-
onstration, most of the technical problems had been over-

ciency through effective sorbent/flue gas contact. ACF
differs from the more traditional fluid-bed combustion.
Rather than submerging a heat exchanger in the fluid
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come. During the last three months of the demonstratiorgtention in the 1,500-1,620 °F range, the Ca/S molar

average availability was 97% and the capacity factor  ratio requirement jumped to 5.0 or more at 1,700 °F Exhibit 40

was 66.5%. or greater. Effect of Bed Temperature
Over the range of operating temperature at which Exhibit 41 shows the effect of Ca/S molar ratio on on Ca/S Requirement

testing was performed, bed temperature was found to bgulfur retention at average bed temperatures below

the most influential operating parameter. With the excef;,620 °F. Salt Creek and Peabody coals contain 0.59 65

tion of coal-fired configuration and excess air at elevatednd 0.7% sulfur, respectively. To achieve 70% SO 6.0

temperatures, bed temperature was the only parameter reduction, or the 0.4 Ib/2@tu emission rate required o 7

that had a measurable impact on emissions and efficienpy.the licensing agreement, a Ca/S molar ratio of ap- | § 59
Combustion efficiency, a measure of the quantity ofproximately 1.5 is required. To achieve an, $@luc- ‘E 43

carbon that is fully oxidized to COranged from tion of 95%, a Ca/S molar ratio of approximately 4.0 i = :g

96.9-98.9%. Of the four exit sources of incompletely necessary. Dorchester coal, averaging 1.5% sulfur E 3:0

burned carbon, the largest was carbon contained in the figntent, required a somewhat lower Ca/S molar ratio | & ,

ash (93%). The next largest (5%) was carbon containedor a given retention. © 2.0 : .

in the bottom ash stream, and the remaining feed-carbon  NO, emissions measured throughout the demon- 15 = -

loss (2%) was incompletely oxidized CO in the flue gas.stration were less than 0.34 IbfBtu, which is well 10

The fourth possible source, hydrocarbons in the flue gaselow the regulated value of 0.5 IbfBtu. The aver- 14501500 1550 1600 1650 1700 1750

- . Mean Bed Temperature (°F)
was measured and found to be negligible. age level of NQemissions for all tests was 0.18 I5/10

Boiler efficiencies for 68 performance tests varied Btu. NO, emissions indicate a relatively strong correla-
from 85.6-88.6%. The contributions to boiler heat loss tion with temperature, increasing from 40 ppmv (0.06
were identified as unburned carbon, sensible heat in drjb/10° Btu) at 1,425 °F to 240 ppmv (0.34 Ib/
flue gas, fuel and sorbent moisture, latent heat in burningee Btu) at 1,700 °F. Limestone feed rate wa
hydrogen, sorbent calcination, radiation and convectionalso identified as a variable affecting NO Exhibit 41
and bottom-ash cooling water. Net plant heat rate de- emissions, i.e., somewhat higher Neébnis- Calcium Requirements and
creased with increasing boiler load, from 12,400 Btu/kWhsions resulted from increasing calcium-to- . .
at 50% of full load to 11,600 BtwkWh at full load. The  nitrogen (Ca/N) molar ratios. The mechanis  SUlfUr Retentions for Various Fuels
lowest value achieved during a full-load steady-state test was believed to be oxidation of volatile nitro-
was 10,980 Btu/kWh. These values were affected by thegen in the form of ammonia (NMHcatalyzed 100

Iy

—

absence of reheat, the presence of the three older by calcium oxide. CO emissions decrease a$ _ Sl e }é:/ o o f$
12.5-MWe turbines in the overall steam cycle, the numbesmperature increases, from 140 ppmv at s j‘; % “’ D e E e N
of unit restarts, and part-load testing. 1,425 °F to 70 ppmv at 1,700 °F. § 60
Environmental Performance At full load, the hot cyclor\es remo"‘??‘ % 50 Correlation
As indicated above, bed temperature had the greatest 99.8% of the particulates. .V.V'th .the ad?"“"” : 40 ®  Dorchester
impact on ACFB performance, including pollutant emis- of baghouses, removal efficiencies achieved| = % M
sions. Exhibit 40 shows the effect of bed temperatures 8h Peabody and Salt Creek CO‘?IS were ) *1 T
the Ca/S molar ratio requirement for 70% sulfur reten- 99.905% and 99'959%’ respectively. This v
tion. The Ca/S molar ratios were calculated based on theequated to emission levels of 0.0125 IB/10 ’

Btu for Peabody coal and 0.0072 I/ Hlu 0 ! 2 3 4 5 6

calcium content of the sorbent only and do not account
for the calcium content of the coal. While a Ca/S molar
ratio of about 1.5 was sufficient to achieve 70% sulfur
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Ca/S Ratio

for Salt Creek coal, well below the required
0.03 1b/10 Btu.




Economic Performance
The final capital costs associated with
the engineering, construction, and start-
up of the Nucla ACFB system were
$112.3 million. This represents a cost
of $1,123/kW (net). Total power costs
associated with plant operations be-
tween September 1988 and January
1991 were approximately $54.7 mil-
lion, resulting in a normalized cost of
power production of 64 mills/lkWh.
The average monthly operating cost
over this period was about $1,888,000]
Fixed costs represent about 62% of th
total and include interest (47%), taxes
(4.8%), depreciation (6.9%), and insur
ance (2.7%). Variable costs represent
more than 38% of the power productio
costs and include fuel expenses

(26.2%), non-fuel expenses (6.8%), anghow owned by Foster Wheeler) to save almost 3 years in establishing a
maintenance expenses (5.5%). commercial line of ACFB units.

Commercial Applications Contacts

The Nucla project represented the first repowering of a gy;art Bush, (303) 452-6111

U.S. utility plant with ACFB technology and showed the  1yj_state Generation and Transmission Ass'n., Inc.
technology’s effectiveness to burn a wide variety of coals p o Box 33695

cleanly and efficiently. The comprehensive database Denver, CO 80233

resulting from the Nucla project enabled the resultant George Lynch, DOE/HQ, (301) 903-9434

technology to be replicated in numerous commercial  Nelson F. Rekos. FETC (304) 285-4066
plants throughout the world. Nucla continues in commer-

cial service.

Today, every major boiler manufacturer offers an
ACFB system in its product line. There are now more
than 120 fluidized-bed combustion boilers of varying
capacity operating in the U.S. and the technology has
made significant market penetration abroad. The fuel
flexibility and ease of operation make it a particularly
attractive power generation option for the burgeoning
power market in developing countries.

Advanced Electric Power Generation
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Advanced Electric Power Generation
Integrated Gasification Combined Cycle

Clean Energy Demonstration
Project

Participant

Clean Energy Partners Limited Partnership (a limited
partnership consisting of Clean Energy Genco, Inc., an
affiliate of Duke Energy Corp.; AMEREN Corporation;
and Energy Research Corporation)

Additional Team Members

Duke Engineering & Services, Inc.—engineer and
constructor

General Electric Company—power island designer and
supplier

British Gas Americas, Inc., in conjunction with Lurgi
Energie and Umwelt GmbH—qgasification island de-
signer

Energy Research Corporation—molten carbonate fuel cell

designer and supplier; cofunder
AMEREN Corporation—cofunder

Location
Carbondale, Jackson County, IL (Central Illinois Public
Service Company’s Grand Tower Station)

Technology
Integrated gasification combined-cycle (IGCC) using
British Gas/Lurgi (BG/L) slagging fixed-bed gasification

PRODUCT

OXYGEN
PLANT o
2

BRITISH GAS
~
ngs GASIFIER
I e GAS-POLISHING
CLEANUP

AND
MOISTURIZATION 1.25 MWe
FUEL CELL

1
HOT GAS
EXHAUST

GAS
HEAT RECOVERY

STEAM
STEAM GENERATOR

[
GAS TURBINE

SULFUR
RECOVERY

GAS
N.TO COOLER
2
COMBUSTOR
OLS
GRATE PARTICULATES
STEAM TARSS, STEAM
AND OlLS,
OXYGEN SR PARTICULATES
GAS
LIQUOR
SEPARATOR
TO DISPOSAL
AQUEOUS
EFFLUENT STEAM

Project Funding
Total project cost
DOE

Participant

$841,096,189
183,300,000
657,796,189

22
78

Project Objective

system coupled with Energy Research Corporation’s molfo demonstrate and assess the reliability, availability, a

ten carbonate fuel cell (MCFC)

Plant Capacity/Production
477-MWe (net) IGCC; 1.25-MWe MCFC

Coal
Illinois basin bituminous coal

122  Project Fact Sheets

maintainability of a utility-scale IGCC system using
high-sulfur bituminous coal in an oxygen-blown, fixed-
bed, slagging gasifier and the operability of a molten
carbonate fuel cell fueled by coal gas.

Technology/Project Description

gas rich in hydrogen and carbon monoxide. Raw fuel

100% gas exiting the gasifier is washed and cooled. Hydrogen

sulfide and other sulfur compounds are removed. El-
emental sulfur is reclaimed and sold as a by-product.
Tars, oils, and dust are recycled to the gasifier. The
(r]esulting clean, medium-Btu fuel gas fires the gas tur-
bine. A small portion of the clean fuel gas is used for
the MCFC.

The MCFC is composed of a molten carbonate
electrolyte sandwiched between porous anode and cath-
ode plates. Fuel (desulfurized, heated medium-Btu fuel
gas) and steam are fed continuously into the anode;

The BG/L gasifier is supplied with steam, oxygen, lime- carbon dioxide enriched air is fed into the cathode. Elec-
stone flux, and coals having a high fines content. Duringrical reactions produce direct electric current, which is

gasification, the oxygen and steam react with the coal
and limestone flux to produce a raw coal-derived fuel

converted to alternating power in an inverter.

Advanced Electric Power Generation



Calendar Year

K%

*%

| Preaward |

Cooperative Agreement
awarded 12/2/94

DOE selected project
(CCT-V) 5/4/93

Design and Construction

New site approved 11/98

1993 1994 1995 1998 1999 2000 2001 2003 2004 2005 2006
3 4|1 2 3 1 2 3 4 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2
5/93 12/94 12/03 ] 12/05
Operation

T

Operation Initiated 12/03*

Final report issued/project
completed 12/05*

*Projected date
**Years omitted

Project Status/Accomplishments

The cooperative agreement was awarded December 2,
1994. Subsequent to award, a new site had to be found.

The Central lllinois Public Service Company’s Grand

Tower Station was proposed by the Participant and ap-

proved by DOE on November 10, 1998. The initial
scoping meeting for the NEPA process was held in
January 1999.

Commercial Applications
The IGCC system being demonstrated in this project is

suitable for both repowering applications and new power
plants. The technology is expected to be adaptable to a
wide variety of potential market applications because of

several factors. First, the BG/L gasification technology

has successfully used a wide variety of U.S. coals. Also(,
the highly modular approach to system design makes thguc

BG/L-based IGCC and molten carbonate fuel cell com-
petitive in a wide range of plant sizes. In addition, the

of the system are competitive with or superior to other
fossil-fuel-fired power generation technologies.

The heat rate of the IGCC demonstration facility is
projected to be 8,560 Btu/kWh (40% efficiency) and the
commercial embodiment of the system has a projected
heat rate of 8,035 Btu/kWh (42.5% efficiency). The
commercial version of the molten carbonate fuel cell
fueled by a BG/L gasifier is anticipated to have a heat rate
of 7,379 Btu/kWh (46.2% efficiency). These efficiencies
represent greater than 20% reduction in emissions gf CO
when compared to a conventional pulverized coal plant
equipped with a scrubber. S@missions from the IGCC
system are expected to be less than 0.1 9BiD

(99% reduction); NQemissions, less than 0.15 Ib7Eiu
90% reduction).

Also, the slagging characteristic of the gasifier pro-
es a nonleaching, glass-like slag that can be marketed
as a usable by-product.

high efficiency and excellent environmental performance

Advanced Electric Power Generation
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Advanced Electric Power Generation
Integrated Gasification Combined Cycle
STEAM TO HRSG

GASIFIER CYCLONE

Pifon Pine IGCC Power
P roj ect COAL & LIMESTONE

HANDLING

)

t HOT- ‘\\
GAS
i CLEANUP

7
GAS
SULFUR
COOLER  REmOVAL

\

Participant
Sierra Pacific Power Company

Additional Team Members

Foster Wheeler USA Corporation—architect, engineer,
and constructor

The M.W. Kellogg Company—technology supplier

Bechtel Corporation—startup engineer

AIR

e Emd)

L . COMBUSTION TURBINEI HOT GAS
ocation STEAM FROM
Reno, Storey County, NV (Sierra Pacific Power GAS COOLER
Company’s Tracy Station)
FEED
STEAM
Technology WATER

Integrated gasification combined-cycle (IGCC) using the
grated g ycle (IGCC) using m — <4}

KRW air-blown pressurized fluidized-bed coal

P SOLID WASTE GEN.
gasification system AGGLOMERATES —— ,
Plant Capacity/Production
107-MWe (gross), 99-MWe (net)
Coal Technology/Project Description The cleaned gas then enters the General Electric
Southern Utah bituminous, 0.5-0.9% sulfur (design coalfried and crushed coal and limestone are introduced intIS6001FA (Frame 6FA) combustion turbine, which is
eastern bituminous, 2—-3% sulfur (planned test) an air-blown pressurized fluidized-bed gasifier. Crushedcoupled to a generator designed to produce 61-MWe

limestone is used to capture a portion of the sulfur. The(gross). Exhaust gas from the combustion turbine is

Project Funding sulfur reacts with the limestone to form calcium sulfide used to produce steam in a heat recovery steam generator
Total project cost $335,913,000 100% which, after oxidation, exits as calcium sulfate along  (HRSG). Superheated high-pressure steam drives a
DOE 167,956,500 50 with the coal ash in the form of agglomerated particles condensing steam turbine-generator designed to produce
Participant 167,956,500 50 suitable for landfill. about 46-MWe (gross).
Project Objective Low-Btu coal gas leaving the gasifier passes The IGCC plant will remove 95+% of the sulfur in

To demonstrate air-blown pressurized fluidized-bed through cyclones, which return most of the entrained  the coal. Due to the relatively low operating temperature
IGCC technology incorporating hot gas cleanup; to evaluparticulate matter to the gasifier. The gas, which leaves of the gasifier and the injection of steam into the com-
ate a low-Btu gas combustion turbine; and to assess lon#e gasifier at about 1,700 °F, is cooled to about 1,100 °Bustion fuel stream, the N@missions are expected to
term reliability, availability, maintainability, and environ- before entering the hot gas cleanup system. During be 70% less than a conventional coal-fired plant. The
mental performance at a scale sufficient to determine ~ cleanup, virtually all of the remaining particulates are  IGCC will produce 20% less CQa greenhouse gas)
commercial potential. removed by ceramic candle filters, and final traces of  than conventional plants.

sulfur are removed by reaction with a metal oxide sor-

bent in a transport reactor.
124  Project Fact Sheets Advanced Electric Power Generation



Calendar Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 41 2 3 4 1 2 3 4 1 2

9/91 8/92 1/98 7100
| Preaward | Design and Construction Operation

A A T

DOE selected Operation initiated 1/98

project (CCT-1V) Construction completed 2/97

9/12/91 Preoperational tests initiated 11/96

Environmental monitoring plan ) . )
completed 10/31/96 Project completed/final report issued 7/00*

Operation completed 7/00*

Design completed 8/95

Ground breaking/construction started 2/95

Cooperative agreement awarded 8/1/92
NEPA process completed (EIS) 11/8/94 *Projected date

In the demonstration project, 880 tons/day of coal improve performance, including the start-up logic for thehermal efficiency as compared to a conventional pulver-
are converted into 99 MWe (net) for export to the grid. gasifier and the sorbent used for the transport desulfurizeized coal plant with a scrubber and a comparable reduc-
Southern Utah bituminous coal (0.5-0.9% sulfur) is the This project continues to make progress achieving tion in CQ, emissions. The compactness of an IGCC
design coal; tests using midwestern or eastern high-sulfuntegrated operation of all systems. Some earlier prob- system reduces space requirements per unit of energy
bituminous coal (2—3% sulfur) also are planned. The lems (related to measuring solids levels) in the fines  generated relative to other coal-based power generation

IGCC system is located at Sierra Pacific Power handling system have been resolved; however, other n@ystems. The advantages provided by phased modular
Company’s Tracy Station, near Reno, NV. gasifier problems, such as fines bridging in vessels, haw@nstruction reduce the financial risk associated with new
occurred that prevent feeding coal for more than 6-8  capacity additions.

Project Status/Accomplishments hours continuously. The gasifier continues to operate The KRW IGCC technology is capable of gasifyin
L . . hou inuously. ifi inu i ifyi
The system has initiated test-plan operations and contin- y 9 P . . _gy P . gasifying
. . smoothly through numerous startup-turndown cycles, all types of coals, including high-sulfur, high-ash, low-
ues to experience start-up problems. The station began . ) . . . . . .
. - with reproducible production of specification-quality rank, and high-swelling coals, as well as bio- or refuse-
operation on natural gas in November 1996. Pre-opera- i . . ) . e ) .
. . o syngas. Sierra Pacific continues to operate the plant orderived waste, with minimal environmental impact. There
tional testing and shakedown of the coal gasification

combined-cycle system continued through 1997 with natural gas in the combined cycle mode. are no.S|gn|f|cant process .waste streams that reqwre
. . . o remediation. The only solid waste from the plant is a

syngas produced in January 1998. The plant was dedi-Commercial Applications it ¢ ash and calci ffat h q ‘
cated in April 1998. The Pifilon Pine IGCC system concept is suitable for nemx ure ot ash and caicium sufiate, a honhazardous waste.

The GE Frame 6FA combustion turbine, the first of power generation, repowering needs, and cogeneration
its kind in the world, has performed well since commencapplications. The net heat rate for a proposed greenfield
ing operation in August 1996 on natural gas. Other porplant using this technology is projected to be 7,800 Btu/
tions of the plant have undergone design modification tdkWh (43.7% efficiency), representing a 20% increase in
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Advanced Electric Power Generation
Integrated Gasification Combined Cycle

Tampa Electric Integrated
Gasification Combined-Cycle
Project

Participant
Tampa Electric Company

Additional Team Members

Texaco Development Corporation—gasification
technology supplier

General Electric Corporation—combined-cycle
technology supplier

GE Environmental Services, Inc.—hot-gas cleanup
technology supplier

TECO Power Services Corporation—project manager and

marketer
Bechtel Power Corporation—architect and engineer

Location
Mulberry, Polk County, FL (Tampa Electric Company’s
Polk Power Station, Unit No. 1)

Technology
Integrated gasification combined-cycle (IGCC) system

using Texaco’s pressurized oxygen-blown entrained-flo
gasifier technology and incorporating both conventional
low-temperature acid-gas removal and hot-gas moving-

bed desulfurization

Plant Capacity/Production
313-MWe (gross), 250-MWe (net)

Coal

PRODUCT GAS COOLER

SLURRY ENTRAINED-

PLANT FLOW GASIFIER 00%

—

j 10%

RAW

T

COAL
SLURRY
PRODUCT

B GAS
COOLER

OXYGEN
PLANT

TEXACO
GASIFIER

N,
TO COMBUSTOR HIGH-PRESSURE

STEAM

FEED WATER
RAW

RADIANT SYNGAS

SYNGAS
COOLER

SLAG BLACK WATER STEAM

DISPOSAL RECYCLED
SULFURIC
m STEAM ACID

RAW
SYNGAS

PARTICULATES

SULFUR
REMOVAL

SULFURIC ACID
PLANT

SYNGAS

CONVEN-
TIONAL
GAS
CLEANUP

HOT-GAS
CLEANUP
CYCLONE

SYNGAS

MBUSTOR
CLEAN COMBUSTOI

SYNGAS
AIR —>|

COMBUSTION TURBINE

HOT EXHAUST
GAS

HEAT RECOVERY
STEAM
GENERATOR  Jo— |

GEN.

STEAM TURBINE

Project Objective

WTo demonstrate IGCC technology in a greenfield, com-

mercial, electric utility application at the 250-MWe size
with a Texaco gasifier; to demonstrate the integrated

performance of a metal oxide hot-gas cleanup system,

conventional cold-gas cleanup, and an advanced gas
turbine with nitrogen injection (from the air separation
plant) for power augmentation and Néntrol.

Technology/Project Description

Illinois #6, Pittsburgh #8, and Kentucky #11; 2.5-3.5% Texaco’s pressurized, oxygen-blown, entrained-flow

sulfur

Project Funding

Total project cost $303,288,446

DOE 150,894,223 49
Participant 152,394,223 51
126 Project Fact Sheets

gasifier is used to produce a medium-Btu fuel gas. A

ash flows out of the bottom of the gasifier vessel and into
a water-filled quench tank where it is forms a solid slag.
The cooled gases flow to a particulate-removal sec-
tion before entering gas-cleanup trains. A portion of the
syngas (10%) is passed through a moving bed of metal
oxide absorbent to remove sulfur. The remaining syngas
is further cooled through a series of convective heat ex-
changers before entering a conventional gas-cleanup train
where sulfur is removed by an acid-gas removal system.
Combined, these cleanup systems are expected to main-
tain sulfur levels below 0.21 Ib/i@tu (96% capture).
The cleaned gases are then routed to a combined-cycle

coal/water slurry and oxygen are reacted at high tempera-

100% ture and pressure to produce a high-temperature synga

gystem for power generation. Sulfuric acid and slag are

salable by-products.

The syngas moves from the gasifier to a high-temperature

heat-recovery unit, which cools the gases. Molten coal-

A GE MS 7001F combustion turbine generates about
192 MWe (gross). Thermal-N@s controlled to below
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Calendar Year

*%* *%
1988 1989 1990 1991 1994 1995 1996 1997 1998 1999 2001
3 41 2 3 4 1 2 3 4 1 2 3 4 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 3 4
12/89 3/91 9/96 10/01
| Preaward | Design and Construction Operation

Operation initiated 9/96 . . .
Project completed/final report issued 10/01*

Construction completed 8/96 Operation completed 10/01*
Preoperational tests initiated 6/96

Environmental monitoring plan completed 5/96

Design completed 8/94

NEPA process completed (EIS) 8/17/94

Construction started 8/94

Cooperative agreement awarded 3/11/91

DOE selected project (CCT-IIl) 12/19/89

*Projected date
**Years omitted

0.27 Ib/16 Btu by injecting nitrogen as a dilutent in the nation, and installation of a larger filter to prevent leakagéommercial Applications
turbine’s combustion section. A steam turbine, which of particulate matter to the turbine. Also contributing to This demonstration project is scaling up the technology
uses steam produced by the heat recovery steam-generanproved availability are new operating procedures to from Cool Water demonstration unit (100-MWe) tested
tor, produces an additional 121-MWe (gross). Polk’s  deal with radiant syngas cooler dome seal leaks and howithout full system integration. The Texaco-based IGCC
IGCC heat rate for this demonstration is expected to be restarts of the gasifier. is suitable for new electric power generation, repowering
approximately 8,600 Btu/kWh (40% efficient). The Tests included evaluation of various coal types on needs, and cogeneration applications. Commercial
demonstration project involves only the first 250-MWe system performance. Kentucky #11, lllinois #6, and thrd&CCs should achieve better than 98%, &pture with
(net) of the planned 1,150-MWe Polk Power Station.  Pittsburgh #8 coals were tested for their: (1) ability to be NQ, emissions reduction of 90% relative to a conven-
lllinois #6, Pittsburgh #8, and Kentucky #11 bituminous processed into a high concentration slurry, (2) carbon tional pulverized coal-fired plant.
coals (2.5-3.5% sulfur) are being used. conversion efficiency, (3) aggressiveness of the slag in Texaco and ASEA Brown Boveri have signed an
Project Status/Accomplishments regard to refractory wear, and (4) tendency toward foulnggre.ement forming an alliance to market IGCC technol-
. L %the syngas coolers. Kentucky #11 coal proved to havegy in Europe.
The plant began commercial operation in September 19 o . i
. . e best overall characteristics and supplanted Pittsburgh  The project was presented the 1997 Powerplant
and continues to successfully accumulate run time. 1G the b L Illinois #6 placed 4 and Award byP . In 1996 th et ved
operation had exceeded 11,000 hours by December 193  as ; Z fa?s cota .t' |ntc))|s P a(;e secon a_n_ tr:Na,; y _ot\_/verrr}aé]ai;ne. n 4 Cont © frOJeAC re(;eflve
The unit has produced over 2,944,278 MWh on syngas.promp e gr er testing because o.s.ome promising _ e ssoqa ion o_ uilders and Contractors Award for
o aspects of its performance. The unit is currently runningonstruction quality. Several awards were presented for
The gasifier on-stream factor was over 70% for 1998. . ] . . . . . .
. . . on a blend of Ohio #11/Powder River Basin coals. The using an innovative siting process: 1993 Ecological
Overall combined-cycle availability has remained above = . ] ) ) . . )
. . .gasmer and combustion turbine set continuous operatin@ociety of America Corporate Award and 1993 Timer
90% since the second quarter of 1997. Improved gasifier . . .
I records of over 49 and 51 days, respectively. Powers Conflict Resolution Award from the State of
availability was largely due to removal of the raw gas/

. . Florida, and the 1991 Florida Audubon Society
clean gas heat exchanger, a source of particulate contami-
Corporate Award.
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Integrated Gasification Combined Cycle EETETE

ENTRAINED-FLOW

Wabash River Coal GASIFIER J
Gasification Repowering l

Project SECOND ——
Participant Sl.tJARNI?( REMOVAL

& —
RECOVERY|,|LIQUID SULFUR
BY-PRODUCT
FUEL-GAS
PREHEAT

Wabash River Coal Gasification Repowering Project Joift ~ coAL— l
Venture (a joint venture of Dynegy and PSI Energy, Inc.) WATER™

Additional Team Members
PSI Energy, Inc.—host
Dynegy (formerly Destec Energy, Inc.; a subsidiary of OXYGEN
. . PLANT
Natural Gas Clearinghouse)—engineer, gas plant
operator, and technology supplier

Location
West Terre Haute, Vigo County, IN (PSI Energy’s Wabas
River Generating Station, Unit No. 1)

=

Technology
Integrated gasification combined-cycle (IGCC) using

GAS TURBINE

STEAM TURBINE

Destec’s two-stage pressurized oxygen-blown entrained FEED WATER

flow gasification system

Plant Capacity/Production Technology/Project Description tion with the hot syngas to enhance syngas heating value
296-MWe (gross), 262-MWe (net) The Destec coal gasification process features an oxygemnd to improve overall efficiency. A Claus unit is used to

blown, continuous-slagging, two-stage, entrained flow produce elemental sulfur as a salable by-product.
gasifier. Coal is slurried, combined with oxygen in mixer  The syngas then flows to the high-temperature heat-
nozzles, and injected into the first stage of the gasifier, recovery unit (HTHRU), essentially a firetube steam gen-

Coal
Illinois Basin bituminous

Project Funding which operates at 2600 °F and 400 psig. Oxygen of 95%rator, to produce high-pressure saturated steam. After
Total project cost $438,200,000 100% purity is supplied by an Air Liquide 2,060-ton/day low- cooling in the HTHRU, particulates in the syngas are
DOE 219,100,000 50  pressure cryogenic distillation facility (Air Separation  removed in a hot/dry filter and recycled to the gasifier.
Participant 219,100,000 50  Unit or ASU), which is owned and operated by Destec. The syngas is further cooled in a series of heat exchang-
Project Objective In the first stage, the coal slurry undergoes a partial oxiders. The syngas is water scrubbed to remove chlorides

To demonstrate utility repowering with a two-stage preS_tion reaction at temperatures high enough to bring the and passed through a catalyst that hydrolyzes carbonyl
surized oxygen-blown entrained-flow IGCC system, coal’s ash above its melting point. The fluid ash falls  sulfide (COS) into hydrogen sulfide. Hydrogen sulfide is
including advancements in the technology relevant to ththrough a tap hole at the bottom of the first stage into a removed in the acid gas removal system using MDEA-
water quench, forming an inert vitreous slag. The syngdsased absorber/stripper columns. The “sweet” gas is then
flows to the second stage, where additional coal slurry isnoisturized, preheated, and piped to the power block.
injected. This coal is pyrolyzed in an endothermic reac-

use of high-sulfur bituminous coal and to assess long-
term reliability, availability, and maintainability of the
system at a fully commercial scale.
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Calendar Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4|1 2 3 2 3 4 1 2 3 4 1 2 3 4 1 2 3 2 3 4 1 2 3 2 3 4 1 2 3 1 2
9/91 7192 11/95 11/99

| Preaward | Design and Construction Operation

T A A

DOE selected
project (CCT-1V)
9/12/91

Operation initiated 11/95
Construction completed 11/95
Preoperational tests initiated 8/95

Design completed 5/94 Project completed/final report

issued 11/99*
Environmental monitoring plan completed 7/9/93

Groundbreaking ceremony 7/7/93 Demonstration completed 9/99*

NEPA process completed (EA) 5/28/93

Cooperative agreement awarded 7/28/92 *Projected date

The power block consists of a single 192-MWe 10,000 hours and processed more than one million tondechnology will allow utilities greater flexibility in
General Electric MS 7001FA combustion turbine/generaeof coal. The unit has achieved monthly production leveldesigning strategies to meet load requirements. Also, the
tor (CT), a Foster Wheeler single-drum heat recovery  of one trillion Btus on four occasions. The 1998 operat-high degree of fuel flexibility inherent in the gasifier
steam generator with reheat, and a 1952 vintage ing data show a capacity factor of 68% and an availabil-design will provide utilities with more choice in selecting
Westinghouse reheat steam turbine. Steam injection is ity of over 72%. Refinements to the design are continufuel supplies to meet increasingly stringent air quality
used for NQ control in the CT, but the steam flow is ing, including replacement of ceramic candle particulateregulations.
minimal because the syngas is moisturized in the gasificiters with a metallic filter (operating temperature The system heat rate for a new power plant based on
tion process. Existing coal handling facilities, intercon- 800 °F) and installation of a chloride scrubber and new this technology is expected to realize at least a 20% im-
nections, and other auxiliaries were reused. COS hydrolysis catalyst for S@ontrol provement in efficiency compared to a conventional
pulverized coal-fired plant with flue gas desulfurization.

Project Status/Accomplishments . . . .
sThe improved system efficiency also results in a similar

The project began operations in December 1995 and  Throughout the United States, particularly in the Midwe . .
. o . . . ecrease in C{@missions.
continues in its fourth year of commercial service. and East, there are more than 95,000-MWe of existing Destec E 4 CIN c IPSIE
CINergy, PSl's post-merger parent company, preferen- coal-fired utility boilers over 30 years old. Many of these . estec Energy an ergy ~orp. nergy re-
. . . o . . . . . ceived the 1996 Powerplant Award frétowermaga-
tially dispatches the unit second behind its hydroelectric aging plants are without air pollution controls and are . )
ey . . e . . . zine. Sargent & Lundy, engineer for the combined-cycle
facilities on the basis of environmental emissions and candidates for repowering with IGCC technology. Re- o ; . .
. . . . L facility, won the American Consulting Engineers
efficiency, with a demonstrated heat rate of better than powering these plants with IGCC systems will improve Council's 1996 Engineering Excellence Award
9,000 Btu/kWh (HHV). In 1998, the facility operated for plant efficiencies and reduce S®IO,, and CQ emis- uncl g g =X ward.
5,281 hours processing over 560,000 tons of coal and sions. The modularity of the gasifier technology will
producing over 8.8 trillion Btus of syngas. Since begin- permit a range of units to be considered for repowering,
ning operation, the facility has operated on coal for overand the relatively short construction schedule for the

Commercial Applications
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Advanced Combustion/Heat Engines

|
Healy Clean Coal Project

Participant
Alaska Industrial Development and Export Authority

Additional Team Members

Golden Valley Electric Association—host and operator

Stone and Webster Engineering Corp.—engineer

TRW Inc., Space & Technology Division—combustor
technology supplier

The Babcock & Wilcox Company (which has acquired
assets of Joy Environmental Technologies, Inc.)—
spray-dryer absorber technology supplier

Usibelli Coal Mine, Inc.—coal supplier

Location
Healy, Denali Borough, AK (adjacent to Healy Unit
No. 1)

Technology

TRW'’s advanced entrained (slagging) combustor

Babcock & Wilcox's spray-dryer absorber with sorbent
recycle

Plant Capacity/Production
50-MWe (nominal)

Coal
Usibelli subbituminous 35% run-of-mine (ROM) (0.2%
sulfur) and 65% waste coal (design)

Project Funding
Total project cost
DOE

Participant

$242,058,000
117,327,000
124,731,000

100%
48
52

Project Objective
To demonstrate an innovative new power plant design

featuring integration of an advanced combustor and heat

recovery system coupled with both high- and low-tem-
perature emissions control processes.

132  Project Fact Sheets

BOILER

PRECOMBUSTORS

PREHEATER

BAGHOUSE

STACK

SORBENT
ACTIVATION

SLAG TAPS

SOLID WASTE TO DISPOSAL

SLAG & BOTTOM ASH TO DISPOSAL

STEAM
TURBINE

Technology/Project Description

The project involves two unique slagging combustors
generating a nominal 50 MWe. Emissions of, a6d
NO_ are controlled using TRW'’s slagging combustion
systems with staged fuel and air, a boiler that controls
NO, related conditions, and limestone injection. Addi-
tional SQ is removed using Babcock & Wilcox’s acti-

the combustion products vertically into the boiler. The
main slagging combustor consists of a water-cooled cylin-
der that slopes toward a slag opening. The precombustor
burns 25-40% of the total coal input. The remaining coal
is injected axially into the combustor, rapidly entrained by
the swirling precombustor gases and additional air flow,
and burned under substoichiometric (fuel-rich) conditions

vated recycle spray-dryer absorber system. Performander NO, control. The ash forms molten slag, which accu-

goals are NQemissions of less than 0.2 Ib7Etu,
particulate emissions of 0.015 Ibf1Btu, and SQre-

mulates on the water-cooled walls and is driven by aero-
dynamic and gravitational forces through a slot into the

moval greater than 90%. The design fuel blend perfor- slag recovery section. About 70-80% of the coal’s ash is

mance testing of coal consists of 35% ROM and 65%
waste coal.

A coal-fired precombustor increases the air inlet

temperature for optimum slagging performance. The

TRW slagging combustors are side mounted, injecting

removed as molten slag. The hot gas is then ducted to the
furnace where, to ensure complete combustion, additional
air is supplied from the tertiary air windbox to N@brts

and to final overfire air ports.
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Calendar Year *k .

1990 1991 1993 1994 1995 1997 1998 1999 2000 2001 2002
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 41 2 3 4 1 2 3 4 1 2

12/89 4/91 1/98 11/99 11/01
| Preaward | Design and Construction | Operation No-Cost Data Collection

2 yrs of operational data
provided at no additional

Cooperative Operation initiated 1/98 cost 11/01*

agreement

awarded 4/11/91 Construction Project completed/final report
Design completed 11/97 issued 6/00*

started 7/90

DOE cost-shared operation

Preoperational tests completed 11/99%

DOE selected project Ground breaking/ initiated 8/97
(CCT-lI) 12/19/89 construction . o
Design completed 10/93 started 5/30/95 Environmental monitoring '
plan completed 4/11/97 *Projected date

NEPA process completed (EIS) 3/10/94
**Years omitted

Pulverized limestone (CaGdor SQ, control is fed into agreement to reduce the emissions from Unit No. 1 so that thembustor, acoustical silencer added to the ID fan area, and a
the combustor where it is flash calcined (converting G&€O  combined emissions from the two units will be only slightly  flow distribution device was inserted prior to the baghouse to
Ca0). The mixture of this lime (CaO) and ash not slagged, greater than those currently emitted from Unit No. 1 alone. minimize bag wear. Operations are currently focused on blend-
called flash-calcined material, is removed in the fabric filter ~ Total site emissions will be further reduced to current levels ifing ROM coal with up to 65% waste coal. In March 1999,
(baghouse) system. Most of the flash-calcined material is usatecessary to protect the park. compliance particulate emissions tests were conducted.

0 U . )
{o form & 45% flash-calcined-material solids slurry., Bahe Project Status/Accomplishments Commercial Applications

flue gas reacts with the slurry droplets as water is simulta- The initial firing of the entrained slagging combustion system This technology has a wide range of applications. It is appropri-
neously_evapprated. 0 further rfemoved fr(?m the flue gas on coal began in January 1998. During a record-setting 18-daye for any size utility or industrial boiler in new and retrofit
Elst/erres;;:? with the dry flash-calcined matefial on the baghou%%riod of cont_inuous operation, initial N@nd SQenviror?- uses. It can be used in coal-.fireo_l boilers as well as in oi!-_ and

The project site is adjacent to the existing Healy Unit No, mental compliance testmg_ W-aS completed. The preliminary gas-fired boilers becguse of its high ash-removal capability.
1 near Healy, Alaska, and to the Usibelli coal mine. Power Wiﬁesults showed that N@missions of 0.25 Ib/t@tu and SO  However, cyclone boilers may be the most amenable type to

' ' . L ‘ emissions of 0.08 Ib/2®tu were achieved. The permitre-  retrofit with the slagging combustor because of the limited

goto the Golden Valley Electric Assocgﬂon (GVEA). The quires emissions to be less than 0.35 &t for NQ, and supply of high-Btu, low-sulfur, low-ash-fusion-temperature coal
plant V\_”" use 900 tons/day of subbituminous and Wgste coal less than 0.10 lb/2®tu for SQ. The stringent S(emission  that cyclone boilers require. The commercial availability of
ES:ZV\::S ;?;:;Tvz:itg:e ;f;:szzj:;:igldze;gc;?st;?tggfgﬁerafevel required by t_hg permit is significantly lower than the 1.2 cost-eff.ec.tive and reliable sy§tems forZ,SKIDX_, and particulat.e
manc,:e data being provided at no cost to DOE. A HAP moni- Ip/l@ Btu NSPS limit. By the end of the first year of qpera- control IS- important tg potenya! users ple_tnn.lng new capacity,
toring program will also be implemented. tion, the plant had logged over 4,900 hours of opgratlon and repowenng, or rgtroflts to existing capacity in order to comply

To address concerns about potential impact to the nearb cgnverted 156,009 Fons of coaliwaste .coal blend into 231  with CAAA requwe.:ments. . . .
Denali National Park and Preserve. DOE. the National Park {ygawatts of electricity (average capacity factor 44%). The The combustion technology supplier, TRW, is offering

i ) o . following minor modifications were made on Combustor “A” licensing of its technology worldwide and already has a licens-
Service, GVEA, and the project participant entered into an during a routine outage completed in January 1999: combustng agreement in place in China.

Advanced Electric Power Generation improvements to minimize slag buildup in the precombustor/ Project Fact Sheets 133



Advanced Electric Power Generation
Advanced Combustion/Heat Engines

Clean Coal Diesel
Demonstration Project

Participant

Arthur D. Little, Inc. BOILER
Additional Team Members
SLURRY

University of Alaska at Fairbanks—host and cofunder PLANT SpiTCEEAMEi(%RIG
Alaskan Science & Technology Foundation—cofunder COAL —* l i
Coltec Industries Inc.—diesel engine technology vendor| WATER—*
Energy and Environmental Research Center, University
of North Dakota—fuel preparation technology vendor
R.W. Beck, Inc.—architect/engineer, designer,
constructor

Usibelli Coal Mine, Inc.—coal supplier W[(

. COAL-FUELED POWER
Location DIESEL ENGINE GEN.

Fairbanks, AK (University of Alaska facility)

BAGHOUSE

EXHAUST
GAS

—»

STACK

Technology
Coltec’s coal-fueled diesel engine

Plant Capacity/Production

6.4-MWe (net) Technology/Project Description coal brought by truck from Usibelli’s mine in Healy,
Coal The project is based on the demonstration of an 18-cylirAlaska. In addition to its use in the coal-fueled diesel
Usibelli Alaskan subbituminous der, heavy duty engine (6.4-MWe) modified to operate oangine, the LRCWF is expected to be an alternative to
Alaskan subbituminous coal. The clean coal diesel techfuel oil in conventional oil-fired industrial boilers.
nology, which uses a low-rank coal-water-fuel (LRCWF)Project Status/Accomplishments

is expected to have very low y@nd SQemission levels The project has passed several milestones. A 95% design
(50-70% below current New Source Performance Stan- . . . .
review was conducted in January 1999 at the University

dards).. In addmon_, t.he demo_nstranon plant is egpectedof Alaska, Fairbanks (UAF). Representatives from
Project Objective to achieve 41% efficiency, while future plant designs areCoItec, A.D. Little, UAF, DOE, and GHEMM (construc-
To prove the design, operability, and durability of the ~ expected to reach 48% efficiency. This willresultina contractor) were in attendance. The latest design
coal diesel engine during 6,000 hours of operation; verif§5% reduction in COemissions compared to CoNVen- ;i o the need for a sorbent injection system because
the design and operation of an advanced drying/slurryingonal coal-fired plants. Usibelli was able to locate a very clean coal seam with
process for subbituminous Alaskan coals; and test the The LRCWF is prepared using an advanced coal | . 0 50, < ifur in the ash. The sorbent injection
coal slurry in the diesel and a retrofitted oil-fired boiler. drying process that allows dried coal to be slurried in system originally proposed for the coal diesel was de-
water. The University of Alaska will assemble and oper-

. ) signed for use with bituminous coals with greater than
ate a 5-ton/hr LRCWF processing plant that will use local

Project Funding

Total project cost $47,636,000 100%
DOE 23,818,000 50
Participant 23,818,000 50
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Calendar Year

| Preaward

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
3 411 2 3 2 3 2 3 2 3 4 1 2 3 4 1 2 3 2 3 4 2 3 2 3 4 1 2
5/93 7194 9/00 4/03

Design and Construction Operation

(CCT-V) 5/4/93

Project restructured 8/96

NEPA process completed (EA) 6/2/97

Construction started 6/98
Design completed 1/99

Cooperative agreement awarded 7/12/94 Environmental monitoring plan completed 2/99

DOE selected project

AA

T

Operation
completed 1/03*

Project completed/final
report issued 4/03*
Operation initiated 9/00*
Preoperational tests initiated 9/00*
Construction completed 9/00*

*Projected date

2.0% sulfur levels. Coltec worked with the diesel engine

Final design of the low-rank coal-water-fuel

manufacturer to design new injectors with sapphire ori- (LRCWF) processing plant has been delayed. Construc-

fices sized for the volume of LRCWF required to operatéion of the LRCWF is not expected to start until May

the engine at full load. Earlier designs were based on 2000. A revised schedule for the demonstration test of

higher energy density bituminous coals.

The 18-cylinder diesel engine arrived in January

1999, but extremely cold weather prevented movement

into facilities building until the end of February 1999.

Construction activities, which started at the Fairbanks site
on June 15, 1998, are over 60% complete.

Samples of the Usibelli coal were sent to CQ Inc.,

for washability tests; to ADL for wear tests; and to EER

for preliminary hot water drying tests and bench wear

tests. Several plant design changes were made in order
keep the project within budget. Notably, only a small oil
fired boiler will be converted for coal slurry tests instead
of a utility-scale boiler, and several of the slurry holding
tanks will be located closer to the diesel engine to reduct()eetWeen 50% and 70%

underground piping.

Advanced Electric Power Generation

the diesel or coal is being developed.

Commercial Applications
The U.S. diesel market is projected to exceed 60,000-
MWe (over 7,000 engines) through 2020. The worldwide
arket is 70 times the U.S. market. The technology is
particularly applicable to dispersed power generation in
the 5—20-MWe range, using indigenous coal in develop-
ing countries.
The net effective heat rate for the mature diesel
gtlgtem is expected to be 6,830 Btu/kWh (48%), which
makes it very competitive with similarly sized coal- and
fuel oil-fired installations. Environmental emissions from
commercial diesel systems should be reduced to levels
below NSPS. The estimated
installation cost of a mature commercial unit is approxi-
mately $1,300/kW.

Project Fact Sheets
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Coal Processing for Clean Fuels
Indirect Liquefaction
OXYGEN CgEM(I)CAS
. PRODUCTION
Commercial-Scale — | SYNTHESIS GAS
Demonstration of the Liquid- SLORRY SULFUR-FREE
METHANOL
Phase Methan0| (LPM EOH TM) s RECOCESY R CAS
TEAM —
Process =
CYCLONE
Participant SEPARATOR
Air Products Liquid Phase Conversion Company, L.P. — SECONDARY —
(a limited partnership between Air Products and SULFUR/ METHANOL/DME >
. PRIMARY CARBONYL STORAGE METHANOL/
Chemicals, Inc., the general partner, and Eastman SLAG GAS CLEANUP DME
Chemical Company) TREATMENT SYSTEM MAKEUP
@ SULFUR SLURRY OIL

Additional Team Members
Air Products and Chemicals, Inc.—technology supplier STEAM« CATALYST

and cofunder E MAKEUP |PREPARATION

FEED 1 CATALYST

Eastman Chemical Company—host, operator, synthesis WATER

gas and services provider METS\?@' oY CATALYST SLURRY
ARCADIS Geraghty & Miller—fuel methanol tester and eSS GiC o1

cofunder
Electric Power Research Institute—utility advisor
Location
Kingsport, Sullivan County, TN (Eastman Chemical
Company’s Integrated Coal Gasification Facility) Project Objective nol processes. The liquid phase not only suspends the

hnol To demonstrate on a commercial scale the production o€atalyst but functions as an efficient means to remove the
Technology

methanol from coal-derived synthesis gas using the heat of reaction away from the catalyst surface. This
LPMEOH™process; to determine the suitability of methdéeature permits the direct use of synthesis gas streams as
nol produced during this demonstration for use asa  feed to the reactor without the need for water-gas

Air Products and Chemicals’ liquid phase methanol
(LPMEOH™) process

Plant Capacity/Production chemical feedstock or as a low-S@nitting, low-NQ shift conversion.

80,000 gallons/day of methanol (nominal) emitting alternative fuel in stationary and transportation Methanol fuel testing will be conducted in off-site
applications; and to demonstrate, if practical, the producstationary and mobile applications, such as fuel cells,

Coal tion of dimethyl ether (DME) as a mixed coproduct buses, and distributed electric power generation. Design

— N o
Eastern high-sulfur bituminous, 3-5% sulfur with methanol. verification testing for the production of DME as a mixed

coproduct with methanol for use as a storable fuel is
planned for Fall 1999, and a decision on whether or not to
demonstrate will be made. Eastern high-sulfur bitumi-

Project Funding

Total project cost $213,700,000 100%
DOE 92,708,370

Participant 120,991,630

Technology/Project Description
This project is demonstrating, at commercial scale, the
LPMEOH™ process to produce methanol from coal- . .
. . . nous coal (Mason seam) containing 3% sulfur (5% maxi-
derived synthesis gas. The combined reactor and heat i )
mum) and 10% ash is being used.

— ) ) removal system is different from other commercial metha-
LPMEOH™ is a trademark of Air Products and Chemicals, Inc.
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Calendar Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4(1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 3 4

12/89 10/92 4/97 12/01
Preaward Design and Construction Operation
I |

A T
DOE selected Operation initiated 4/97
Erz(?f;/ts(QCCT-IH) Preoperational tests initiated 1/97 Operation completed 3/01*

Construction completed 1/97 Project completed/final report issued 12/01*

Project transferred to Air Products Environmental monitoring plan completed 8/29/96
Liquid Phase Conversion :
Company, L.P. 9/94 Design completed 6/96

Construction started 10/95

NEPA process completed (EA) 6/30/95
Cooperative agreement awarded 10/16/92 * Projected date
**Years omitted

Project Status/Accomplishments operated at an availability of over 99%. Since operationgeneration by producing a clean-burning, storable-liquid
Construction was completed in January of 1997. Followbegan in April 1997, the unit has had an availability of fuel—methanol—from clean coal-derived gas. Methanol
ing commissioning and shakedown activities, the first over 96% as of the end of 1998. The design catalyst also has a broad range of commercial applications; it can
production of methanol from the 80,000 gal/day unit  loading in the LPMEOH™ Reactor has been exceeded toe substituted for conventional fuels in stationary and
occurred on April 2, 1997. The first stable operation of over 150% without indications of mass transfer limita- mobile combustion applications and is an excellent fuel
the process demonstration unit at nameplate capacity tions. Catalyst life has met or exceeded the design targédr utility peaking units. Methanol contains no sulfur and
occurred on April 6, 1998. A stable test period at over for operation in the environment of trace poisons presertias exceptionally low-NQcharacteristics when burned.
92,000 gal/day revealed no system limitations. The in coal-derived synthesis gas. Process variable studies kethanol can be produced from coal as a coproduct in an
startup also proceeded without injury or maximize the reactor volumetric productivity and deter- IGCC facility.
environmental incidents. mine the long-term catalyst performance are on-going. A DME has several commercial uses. In a storable
The hydrogen to carbon monoxide AEO) ratio in code inspection of all pressure vessels in the LPMEOH™Mend with methanol, the mixture can be used as peaking
the reactor feed stream was varied from 0.4 to 5.6 with m@Emonstration unit was completed in March 1999. All fuel in IGCC electric power generating facilities. Blends
negative effects on catalyst performance. The operatiorvessels inspected showed no evidence of erosion, pittingf methanol and DME can also be used as a chemical
of the demonstration unit confirmed the engineering  or fouling. Since startup, the demonstration facility has feedstock for the synthesis of chemicals or new oxygenate
methods used in the design of the LPMEOH™ Reactor, produced over 35 million gallons of methanol, all of fuel additives. Pure DME is an environmentally friendly
and several parameters (such as the overall heat transfavhich has been accepted by Eastman Chemical Compaagrosol for personal products.

coefficient of the internal heat exchanger) were demon-for use in downstream chemical processes. Typical commercial-scale LPMEOH™ units are
strated at greater than 115% of design levels. . . expected to range in size from 50,000—-300,000 gal/day of
. . o Commercial Applications ) . _
Operation during 1998 has resulted in significant methanol produced when associated with commercial

. ) ) .. The LPMEOH™ process has been developed to enhance . .
accomplishments. During 1998, the demonstration unit. e . IGCC power generation trains of 200-500 MWe.
integrated gasification combined-cycle (IGCC) power
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Coal Processing for Clean Fuels
Coal Preparation Technologies

Self-Scrubbing Coal™: An
Integrated Approach to Clean
Air

Participant
Custom Coals International

Additional Team Members

Pennsylvania Power & Light Company—host
Richmond Power & Light—host

Centerior Service Company—host

Locations

Central City, Somerset County, PA (advanced
coal-cleaning plant)

Lower Mt. Bethel Township, Northampton County, PA
(combustion tests at Pennsylvania Power & Light's
Martin’s Creek Power Station, Unit No. 2)

Richmond, Wayne County, IN (combustion tests at
Richmond Power & Light's Whitewater Valley
Generating Station, Unit No. 2)

Ashtabula, Trumbull County, OH (combustion tests at
Centerior Energy’s Ashtabula C)

Technology

. . . DOE
Coal preparation using Custom Coals’ advanced physmaﬁ
coal-cleaning and fine magnetite separation technology

plus sorbent addition technology

Plant Capacity/Production
500 tons/hr

Coal
Medium and high-sulfur bituminous coals (Lower
Kittanning, lllinois No. 5, and Lower Freeport Seam)

RUN-OF-MINE COAL

ADVANCED
i TECHNOLOGY
e COAL CLEANING
g2 PLANT

CLEANED COAL

COMPLIANCE

COAL
BREAKER ULTRA

FINE

CYCLONE

COAL [al
.y

MAGNETITE

asH L

e, /4

ASH & PYRITIC
SULFUR

-

COAL

CLEANED
COAL

SORBENT
ADDITION

TO
\ POWER STATION

SELF-SCRUBBING COAL

Project Funding

Total project cost $87,386,102
37,994,437 43
articipant 49,391,665 57

Project Objective

To demonstrate advanced coal-cleaning unit processes
produce low-cost compliance coals that can meet the
requirements for commercial-scale utility power plants to

satisfy provisions of the CAAA.

Technology/Project Description
An advanced coal-cleaning plant has been designed,
blending existing and new processes, to produce two

Carefree Coal™ is produced by breaking and screen-

100%ing run-of-mine coal and by using innovative dense-

medium cyclones and finely sized magnetite to remove up
to 90% of the pyritic sulfur and most of the ash. Carefree
Coal™ is designed to be a competitively-priced, high-Btu
eI that can be used without major plant modifications or
8d|t|onal capital expenditures. While many utilities can
use Carefree Coal™ to comply with S@nissions limits,
others cannot due to the high content of organic sulfur in
their coal feedstocks. When compliance coal cannot be
produced by reducing pyritic sulfur, Self-Scrubbing
Coal™ can be produced to achieve compliance.
Self-Scrubbing Coal™ is produced by taking Care-

types of compliance coals—Carefree Coal™ and Self- free Coal™, with its reduced pyritic sulfur and ash con-

Scrubbing Coal™ from high-sulfur bituminous

Self-Scrubbing Coal and Carefree Coal are trademarks of Custom Coaf@edStOCkS-

International.
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tent, and adding to it sorbents, promoters, and catalysts.
Self-Scrubbing Coal™ is expected to achieve compliance
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Calendar Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4(1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2

9/91 10/92 2/96 2/97
| Preaward | Design and Construction Operation
Project on hold
A A A A
DOE selected
project (CCT-1V)
9/12/91 o
Operation initiated 2/96
Preoperational tests initiated 11/95
Construction completed 11/95
Design completed 12/94
NEPA process completed (EA) 2/14/94
Construction started 12/93
Cooperative agreement awarded 10/29/92
with virtually any U.S. coal feedstock through in-boiler A Carefree Coal™ test burn (cleaned Lower Commercial Applications

absorption of SPemissions. The reduced ash content oKittanning coal) at Martin’s Creek Power Station was ~ Commercialization of Self-Scrubbing Coal™ has the

the Self-Scrubbing Coal™ permits addition of relatively conducted in mid-November 1996. Although plant opti-potential of bringing into compliance about 164 million

large amounts of sorbent without exceeding ash specificaization was not completed, the overall product made féons/yr of bituminous coal that cannot meet emissions

tions of boilers or overloading electrostatiegpitators.  the test was consistent with the current quality of the  limits through conventional coal-cleaning. This repre-
Two medium- to high-sulfur coals—Illinois No. 5  plant feed coal. The unit experienced some opacity probents more than 38% of the bituminous coal burned in

(2.7% sulfur) and Lower Freeport (3.9% sulfur)—are  lems due to the low sulfur in the coal and a marginal  50-MWe or larger U.S. generating stations.

being used to produce Self-Scrubbing Coal™. Carefreeelectrostatic precipitator.

Coal™ is being made using Lower Kittanning (1.8% High organic sulfur in the raw coal created problems

sulfur). Plans called for Lower Kittanning coal to be  with the ability to produce compliance quality clean coal.

tested at Martin’s Creek Power Station; lllinois No. 5 codturther, difficulties with the plant resulted in an excessive

to be tested at Whitewater Valley Generating Station; angmount of material going to the refuse pond, and plant

Lower Freeport Seam coal to be tested at Ashtabula C. operation was suspended in February 1997. Financial

Project Status/Accomplishments problems ensued and, despite efforts to resolve the matter,

Start-up began in late December 1995, and the first coa}he project was placed in Chapter 11. Due to Custom

was processed in February 1996. In May 1996, the faci(_:oals inability to find a buyer for the facility, the Custom

ity reached its design capacity. Equipment and circuit Coals Laurel facility was sold at auction on December 16,

o . . . 1998 to C.J. Betters Enterprises of Monaca, Pennsylvania.
optimization testing began immediately thereafter and . . . 8
. C.J. Betters has met with DOE to discuss continuation of
continued throughout 1996.

the project.
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Coal Processing for Clean Fuels
Coal Preparation Technologies

FLUE GAS
. collEeToR
Advanced Coal Conversion orvesescrons
Process Demonstration
Participant 9 : i 269N CoAL COOLING
Rosebud SynCoal Partnership (a partnership of Western ! ! HOT INERT GAEOOL NERT oAS
Energy Company and Western SynCoal Company [a By
subsidiary of Montana Power Company’s Energy Supplyj L
L VIBRATING L, COOLED
Division]) FLUIDIZED COAL COB_LIJE%TI'OR
COOLER
Additional Team Members
None

— HIGH-MOISTURE

. EINE SYNCOAL® FINES
Location STRATIFIERS e L
Colstrip, Rosebud County, MT (adjacent to Western ~ H

Energy Company’s Rosebud Mine) LOW-RANK
FEED COAL FLUIDIZED-BED FLUIDIZED-BED SYNGOAL®

Technology SEPARATORS SEPARATORS
Rosebud SynCoal Partnership’s Advanced Coal Conver m
sion Process for upgrading low-rank subbituminous and
lignite coals ASH
Plant Capacity/Production
45 tons/hr of SynCo@alproduct
Coal Technology/Project Description The coal is then cooled to less than 150 °F by contact

Powder River Basin subbituminous (Rosebud Mine) 0.5Lhe process demonstrated is an advanced thermal coalwith an inert gas in a vibrating fluidized-bed cooler. The
1.5% sulfur, plus tests of other subbituminous coals andconversion process coupled with physical cleaning tech€ooled coal is sized and fed to deep bed stratifiers where
nigues to upgrade high-moisture, low-rank coals to pro-air pressure and vibration separate mineral matter, includ-

lgnites duce a high-quality, low-sulfur fuel. The raw coal is ing much of the pyrite, from the coal and thereby reduc-
Project Funding screened and fed to a vibratory fluidized-bed reactor  ing the sulfur content of the product. The low specific
Total project cost $105,700,000 100% \yhere surface moisture is removed by heating with hot gravity fractions are sent to a product conveyor while
DOE 43,125,000 41 combustion gas. Coal exists this reactor at a temperatuheavier fractions go to fluidized-bed separators for addi-
Participant 62,575,000 59 glightly higher than that required to evaporate water andtional ash removal.

Project Objective flows to a second vibratory reactor where the coal is The fines handling system consolidates the coal fines

To demonstrate Rosebud SynCoal Partnership's Ad-  heated to nearly 600 °F. This temperature is sufficient téhat are produced throughout the ACCP facility. The
vanced Coal Conversion Process (ACCP) to produce eémove chemically-bound water, carboxyl groups, and fines are gathered by screw conveyors and transported by
SynCoat, a stable coal product having a moisture conteMplatile sulfur compounds. In addition, a small amount afrag conveyors to a bulk cooling system. The cooled
as low as 1%, sulfur content as low as 0.3%, and heatin@" is released, partially sealing the dried product. Partidlaes are blended with the coarse product, stored in a 250-
value up to 12,000 Btu/lb. shrinkage causes fracturing, destroys moisture reactionton capacity bin until loaded into pneumatic trucks for

_ sites, and liberates the ash-forming mineral matter. off-site sales, or returned to the mine pit.
SynCoal is a registered trademark of the Rosebud SyRaoilership.

142  Project Fact Sheets Coal Processing for Clean Fuels



Calendar Year ok
1988 1989 1990 1991 1992 1993 1994 1999 2000 2001 2002
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4|11 2 3 4 1 2 3 4 1 2

12/88 9/90 6/92 6/01
| Preaward | Design and Construction Operation

A A T

Test operation initiated 6/92
DOE selected project Environmental monitoring plan completed 4/7/92

(CCT-1l) 12/9/88 Operation completed 1/01*
Construction completed 2/92 Project completed/final report
Cooperative agreement issued 6/01*
P awardedg 9/21/90 Preoperational tests initiated 12/91

Design completed 8/91

Ground breaking/construction started 3/28/91

NEPA process completed (EA) 3/27/91 * Projected date

**Years omitted

Project Status/Accomplishments the results indicate that 50/50 blend of Syn€walv coal Commercial Applications
The ACCP facility was scheduled to complete demonstrprovides improved plant performance, including reducedVestern SynCoal Company owns the ACCP technology
tion operations in January 1999, but was granted a two-SQ, emissions. The use of SynCbpkrmitted and has exclusively licensed it to the Rosebud SynCoal

year no-cost extension. The ACCP facility continues to deslagging the boiler at full load, thereby eliminating  Partnership. The Rosebud SynCoal Partnership, a general
operate using a dedicated pneumatic feed system to supestly ash shedding operations. The result was reducegbartnership between Western SynCoal Company is re-

ply SynCoa? to Montana Power’s 330 MWe Colstrip No.gas flow resistance in the boiler and convection passagsponsible for all activities related to commercialization.

2 under an 8-year contract. The ACCP facility has pro- which reduced fan horsepower and improved heat transfer The Rosebud SynCoal Partnership ACCP has the
cessed 2.0 million tons of raw coal to produce over 1.4 in the boiler, leading to a net increase in generation of potential to enhance the utility and industrial use of low-

million tons of SynCo&l The SynCo&lis used by elec- approximately 3 MWe. rank western subbituminous and lignite coals. The low-
tric utilities and industrial facilities (primarily cement and Three different feedstocks were tested at the ACCPmoisture, low-sulfur, high-Btu, and high-volatile
lime plants). facility—North Dakota lignite, Knife River lignite, and ~ SynCoaf is a viable compliance option for meeting,SO

The demonstration unit can process 1,000 tons per Amax subbituminous coal. Approximately 190 tons of emission reduction requirements. SynCaslan ideal
day of SynCodl and is one-tenth the size of a commercidhe SynCodl product produced with the North Dakota supplemental fuel for plants seeking to burn western low-
facility. The ACCP facility takes advantage of existing lignite was burned at the 250-MWe cyclone-fired Milton rank coals because the ACCP allows a wider range of
mine infrastructure. Over a four-year period, 321,528 tof& Young Power Plant Unit No. 1 located near Center, low-sulfur raw coals without derating the units.
of SynCodt was burned at the 160-MWe J.E. Corette  North Dakota. This testing showed dramatic improve- The ACCP has the potential to convert inexpensive
plant in Billings, Montana. The testing involved both  ment in cyclone combustion, improved slag tapping, andow-sulfur, low-rank coals into valuable carbon-based
handling and combustion tests of dust stabilization en- a 13% reduction in boiler air flow requirement, which  reducing agents for many metallurgical applications.
hancement (DSE; a dilute water-based suppressant) reduced the auxiliary load from the forced draft and in- Furthermore, SynCoaknhances cement and lime produc-
treated SynCoélin a variety of blends. These blends  duced draft fans. In addition, boiler efficiency increasedtion and provides a value-added bentonite product.
ranged from 15-85% SynCoal® with raw coal. Overall, from 82% to over 86% and the total gross heat rate im-

. proved by 123 Btu/kWh. _
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Coal Processing for Clean Fuels
Coal Preparation Technologies

Development of the Coal
Quality Expert™

Project completed.

Participants
ABB Combustion Engineering, Inc. and
CQ Inc.

Additional Team Members

Black & Veatch—cofunder and software
developer

Electric Power Research Institute—cofunder

The Babcock & Wilcox Company—cofunder and
pilot-scale tester

Electric Power Technologies, Inc.—field tester

University of North Dakota, Energy and Environmental
Research Center—bench-scale tester

Alabama Power Company—host

Mississippi Power Company—host

New England Power Company—host

Northern States Power Company—host

Public Service Company of Oklahoma—host

Locations
Grand Forks, Grand Forks County, ND (bench tests)
Windsor, Hartford County, CT (bench- and pilot-scale
tests)
Alliance, Columbiana County, OH (pilot-scale tests)
Wilsonville, Shelby County, AL (Gatson, Unit No. 5)
Gulfport, Harrison County, MS (Watson, Unit No. 4)
Somerset, Bristol County, MA (Brayton Point,
Unit Nos. 2 and 3)
Bayport, Washington County, MN (King Station)

Oologah, Rogers County, OK (Northeastern, Unit No. 4)DOE

Coal Quality Expert, CQE, CQIS, and CQIM are trademarks of the
Electric Power Research Institute.
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SELECTED CLEAN COAL

COALS
ANTHRACITE LIGNITE
SUBBITUMINOUS BITUMINOUS

l

=
1

BENCH-SCALE
TESTING

PILOT-SCALE
BOILER

FULL-SCALE
BOILER

( DATA EVALUATION ) \

'L AND CORRELATION)

COMPUTER EXPERT
MODEL

Technology
CQ Inc.’s EPRI Coal Quality Expert™ (CQE™) com-
puter software

Plant Capacity/Production
Full-scale testing took place at six utility sites ranging in
size from 250-880-MWe.

Coal
Wide variety of coal blends

Project Funding

Total project cost $21,746,004 100%
10,863,911 50
Participants 10,882,093 50

Project Objective

The objective of the project was to provide the utility
industry with a PC software program to confidently and
inexpensively evaluate the potential for coal-cleaning,
blending, and switching options to reduce emissions
while producing the lowest cost electricity. Specifically
the project was to (1) enhance the existing Coal Quality
Information System (CQIS™) database and Coal Quality
Impact Model (CQIM™) to allow assessment of the
effects of coal-cleaning on specific boiler costs and per-
formance and (2) develop and validate CQE™, a model
that allows accurate and detailed prediction of coal qual-
ity impacts on total power plant operating cost and
performance.

Coal Processing for Clean Fuels



Calendar Year *x

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 4(1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 3 4

Development

12/88 6/90| 8/90 ) 6/98
| Preaward | Operation
T A M A A
DOE selected CQE Release 1.2
Erztijge/gtS(CCT-l) issued 12/97
~ Project completed/
Operation initiated 8/90 final report issued 6/98

CQE Release 1.1 beta issued 6/96

Environmental monitoring

plan completed 7/31/90 Field testing completed 4/93 CQE CD-ROM issued 12/95
NEPA process completed
(MTF) 4/27/90
Cooperative agreement awarded 6/14/90 **Years omitted
Technology/Project Description endowed with a variety of capabilities, including evaluatfield test sites were Alabama Power’s Gatson, Unit No. 5

The CQE™ is a software tool that brings a new level of ing Clean Air Act compliance strategies, evaluating bids(880-MWe), Wilsonville, Alabama; Mississippi Power’s
sophistication to fuel decisions by integrating the systerren coal contracts, conducting test-burn planning and  Watson, Unit No. 4 (250-MWe), Gulfport, Mississippi;
wide impact of fuel purchase decisions on coal-fired  analysis, and providing technical and economic analysedlew England Power’s Brayton Point, Unit No. 2 (285-
power plant performance, emissions, and power generaef plant operating strategies. CQE™, which combines MWe) and Unit No. 3 (615-MWe), Somerset, Massachu-
tion costs. CQE™ can be used on a stand-alone comp@€IM™ with other existing software and databases,  setts; Northern States Power’s King Station (560-MWe),
or as a network application for utilities, coal producers, extends the art of model-based fuel evaluation establishdyport, Minnesota; and Public Service Company of
and equipment manufacturers to perform detailed coal by CQIM™ in three dimensions: new flexibility and Oklahoma’s Northeastern, Unit No. 4 (445-MWe),
impact analyses. The impacts of coal quality; capital  application, advanced technical models and performanc®ologah, Oklahoma.

improvements; operational changes; and environmentalcorrelations, and advanced user interface and network The six large-scale field tests consisted of burning a

compliance alternatives on power plant emissions, perf@awareness. baseline coal and an alternate coal over a 2-month period.

mance, and production costs can be evaluated using . The baseline coal was used to characterize the operating
Algorithm Development

™ ™ 1 I
CQE™. CQE™ can be used to systematically evaluate Data derived from bench-, pilot-, and full-scale testing performance of the boiler. The alternate coal, a blended

all such impacts or it may be used in modules with some or cleaned coal of improved quality, was burned in the

default data to perform more strategic or comparative were used to develop the CQE™ algorithms. BenCh_SC%ISiler for the remaining test period
P g P testing was performed at ABB Combustion Engineering’s 9 P )

studies. e . . . The baseline and alternate coals for each test site also
facilities in Windsor, Connecticut, and the University of ] . o
. \ . were burned in bench- and pilot-scale facilities under
Project Summary North Dakota's Energy and Environmental Research similar conditions. The alternate coal was cleaned at CQ
Center in Grand Forks, North Dakota. Pilot-scale testinq o .
Background . . o .. Inc. to determine what quality levels of clean coal can be
was performed at ABB Combustion Engineering’s facili- roduced economically and then transported o the

™ i ) ™
CQE™ began with EPF\,)I s CQIM a developed for EI:)thies in Windsor, Connecticut, and Alliance, Ohio. The sig ; . '
by Black & Veatch and introduced in 1989. CQIM™ was ench- and pilot-scale facilities for testing. All data from
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bench-, pilot-, and full-scale facilities were evaluated and Plant Engineer—Provides in-depth performance evalior example, if modeling advancements are made with

correlated to formulate algorithms used to develop

the model.

ations with a more focused scope than provided in theespect to predicting boiler ash deposition (i.e., slagging

Fuel Evaluator.

and fouling), the internal calculations of the object that

CQE™ Capability « Environmental Planner—Provides access to evaluatidiovides these predictions can be replaced or augmented.

The PC-based program evaluates coal quality, transporta- 21d presentation capabilities of the Acid Rain AdvisoOther objects affected by ash deposition (€.g., ash collec-
' tion and disposal systems, soot blower systems) do not

need to be altered; thus, the integrity of the underlying
system is maintained.

tion system options, performance issues, and alternative Coal-Cleaning Expert—Establishes the feasibility of
emissions control strategies for utility power plants. cleaning a coal, determines cleaning processes, and
CQE™ is composed of technical tools to evaluate predicts associated costs.
performance issues, environmental models to evaluate Software Description System Requirements
emissions and regulatory issues, and economic modelsé(bETM includes more than 100 algorithms based on theCQETM currently uses the OS/2 operating system, but the
determine production cost components, including con- developers are planning to migrate to a Windows-based
sumables (e.qg., fuel, scrubber additives), waste dispos CQE™'s design philosophy underscores the impor- platform. CQE™ can operate in stand-alone mode on a
operation and maintenance, replacement energy costs, e . . single computer or on a network. The system require-

. . ' tance of flexibility by modeling all important power plant ) ) ) S
and operational and maintenance costs for coal-cleamngquipment and systems and their performance in real- ments for stand-alone operation are listed in Exhibit
processes, power production equipment, and emissions 42. Technical support is available from Black & Veatch

) world situations. This level of sophistication allows new
control systems. CQE™ has four main features: S . for licensed users.
applications to be added by assembling a model of how

objects interact. Updated information records can be Commercial Applications

readily shared among all affected users because CQE™Tise CQE™ system is applicable to all electric power
network-aware, enabling users throughout an organizatigeneration plants and large industrial/institutional boilers
to share data and results. The CQE™ object-oriented that burn pulverized coal. Potential users include fuel
design, coupled with  suppliers, environmental organizations, government and
an object database regulatory institutions, and engineering firms. Interna-
management system, tional markets for CQE™ are being explored by both CQ
allows different views Inc. and Black & Veatch.

into the same data. EPRI owns the software and distributes CQE™ to
As a result, staff effi- EPRI members for their use. CQE™ is available to oth-
ciency is enhanced ers in the form of three types of licenses: user, consultant,
when decisions and commercializer. CQ Inc. and Black & Veatch have

aﬁjata generated in the six full-scale field test.

» Fuel Evaluator—Performs system-, plant-, or unit-
level fuel quality, economic, and technical assess-
ments.

Exhibit 42
CQE™ Stand-Alone System Requirements

Item Minimum Preferred

Hardware speed 486 PC, 33 Mhz Pentium PC, market stock

R'_AM 16 MB 32 M8 are made. each signed commercialization agreements, which give
Disk space 200 MB 1GB CQE™ also can  both companies non-exclusive worldwide rights to sell
Monitor SVGA color SVGA color

be expanded without
Capable of 1024x768 mofle major revisions to the

1.44 MB 3.5-inch; CD-ROM system. Obiject-ori-

user’s licenses and to offer consulting services that in-
clude the use of CQE™ software. Two U.S. utilities have
been licensed to use copies of CQE™'’s stand-alone Acid

Graphics card Capable of 1024x768 mode

External drives 1.44 MB 3.5-inch; CD-ROM

Mouse Required Required ented programming Rain Advisor. Over 30 U.S. utilities and one U.K. utility
Keyboard Required Required allows new objects to have CQE™ through their EPRI membership. Proposals
Printer Access to high-speed printer Access to laser printer be added and old are pending with several non-EPRI-member U.S. and

objects to be deleted
or enhanced easily.

foreign utilities to license their software.

Operating system OS/2 Version 2.0 0OS/2 WARP (3.0)
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The CQE™ team has a Home Page on the World

Wide Web (http://www.fuels.bv.com:80/cqe/cqe.htm) ang
the EPRI Fuels Web Server to promote CQE™, facilitate

communications between CQE™ developers and users

P [ o= fs Dowsriops s

# 3 D a B 4 0 1
B Sgrgd Apm  Teph fai Pr eew
i s ! | i | 5 E T Ta—p—r— =

o — Y iy ] Pl

L St g

and eventually allow software updates to be distributed

over the Internet. It also was developed to provide an o

line updatable user’s manual. The Home Page also hel
attract the interest of international utilities and
consulting firms.

CQE™ was recognized by former Energy Secretary
Hazel O’Leary and EPRI President Richard Balzhiser in ||

1996 as the best of nine DOE/EPRI cost-shared utility

research and development projects under the “Sustainal

Electric Partnership” program.

Contacts
Clark D. Harrison, President, (724) 479-3503
CQ Inc.
160 Quality Center Rd.
Homer City, PA 15748
Douglas Archer, DOE/HQ, (301) 903-9443
Joseph B. Renk, FETC, (412) 892-6249

References

» Final Report: Development of a Coal Quality Expert
June 20, 1998.

e Harrison, Clark D., et af.Recent Experience with the

The Toal Taaliy Diger - m e

= T

=] S [em il

A CQE™, a PC-based software tool, can be used to determine the
complete costs of various fuel options by seamlessly integrating the effects of
fuel purchase decisions on power plant performance, emissions, and power
generation costs. Portions of the CQE™ User’s Manual are available on the
Internet.

CQE™" Fifth Annual Clean Coal Technology Confer-

ence: Technical Paperdanuary 1997.

e CQE™ Users ManualCQE™ Home Page at
http://www.fuels.bv.com:80/cge/cge.htm.

e Comprehensive Report to Congress on the Clean Coal
Technology Program: Development of the Coal Qual-

ity Expert. ABB Combustion Engineering, Inc., and
CQ Inc. Report No. DOE/FE-0174P. U.S. Departme
of Energy. May 1990. (Available from NTIS as
DE90010381.)
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Coal Processing for Clean Fuels
Mild Gasification /\ CYCLONE
s COAL DRYER
| Y SCREEN GAS FLUE GAS
P v DESULFURIZATION
ENCOAL® Mild Coal @ = BLOWER e
- . - [—
Gasification Project —
AN DRYER

Project completed. COAL v FINES TO COMBUSTOR

/ P [~——] PROCESS-DERIVED © ©
Participant S FUEL STORAGE  DRYER GAS @

i idi GAS

ENCOAL Corporation (a wholly owned subsidiary of —— " pyROLYZER

Bluegrass Coal Development Company) . PROGESS HEAT @

" COOLER
Additional Team Members PROCESS- PYROLYZER
Bluegrass Coal Development Company (a wholly owned FINES TO DEE'I\E/LED COMBUSTOR
idi — PROCESS-DERIVED
subS|d|ar¥ of ,lAEI RESOLlJrCESC,I Inc.l) cofunder S sl : STORAGE
—] oo >

SGI International—technology developer, owner, /y\ LT OETE oS —

licensor PRECIPITATORS

, - COAL-
Triton Coal Company (a wholly owned subsidiary of DERIVED PROCESS GAS G |

LiQul 3
Vulcan Coal Company)— host AecdUERy L BEIVED >4 BLOWER
LIQUID STORAGE

Near Gillette, Campbell County, WY (Triton Coal LIQUIDS

Company’s Buckskin Mine site) TO TRUCK AND RAIL LOADOUT
Technology

SGl International’s Liquids-From-Coal (LFPLprocess
nous coal and to provide sufficient products for potentia{l PDF®) with respect to oxygen and water. In the VFB, the

Coal
Low-sulfur Powder River Basin (PRB) subbituminous end users to conduct burn tests. partially-cooled, pyrolyzed solids contact a gas stream
coal, 0.45% sulfur Technology/Project Description containing a controlled amount of oxygen. Termed “oxi-

dative deactivation,” a reaction occurs at active surface

Coal is fed into a rotary grate dryer where it is heated to ites in th ficl ducing the tend ; ‘
reduce moisture. The temperature is controlled so that RoC> N the particies reducing the tendency for spontane-

significant amounts of methane, C©Or CO are released. ous |gn|t|or?. .
Following the VFB, the solids are cooled to near

Plant Capacity/Production
1,000 tons/day of subbituminous coal feed

Project F.unding The solids are then fed to the pyrolyzer, where the tem- ) heric wre i direct rot I
Total project cost $90,664,000 100% perature is about 1,000 °F, and all remaining water is a:wsp etrlc .emggrz Lt”e IT]aS ": I:EC Pr’(;:lry ::oot edr
DOE . 45,332,000 50 removed. A chemical reaction releases the volatile gas-W etre wateris at . € dg r((ja Y tr: ?BPIeEv. tEa ente
Participant 45,332,000 50 eous material. Solids exiting the pyrolyzer are quencheg,us suppressant is added as e Foaves the surge

) o . . in. The hot gas produced in the pyrolyzer is sent through
Project Objective to stop the pyrolysis reactions.

a cyclone for removal of the particulates and then cooled

i i In the original process, the quench table solids were . .
To demonstrate the integrated operation of a number of g p q in a quench column to stop any additional pyrolysis reac-

i i . urther cooled in a rotary cooler and transferred to a surge . N
novel processing St?PS t? produce two higher yalug fuef . . 0 y cooera .- lons and to condense the Coal-Derived Liquid (€PL
forms from mild gasification of low-sulfur subbitumi-  Pin. A single 50% flow rate vibrating fluidized-bed

(VFB) was added to stabilize the Process-Derived Fuel

ENCOAL, LFC, CDL, and PDF are registered trademarks of SGI and
Bluegrass.
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Calendar Year

7192
Operation

Operation initiated 7/92
Construction completed 6/92
Environmental monitoring plan completed 5/29/92
Preoperational tests initiated 4/92

1988 1989 1990 1991 1992
3 4|1 2 3 4|1 2 3 4
Preaward
12/89 9/90
| | Design and Construction
AAA
DOE
selected
project
(CCT-IlN) )
12/19/89 Design completed 7/91
Ground breaking/construction started 10/26/90
Cooperative agreement awarded 9/17/90

NEPA process completed (EA) 8/1/90

Operation completed 7/97

Project completed/final
report issued 12/97

Results Summary

Environmental

« The PDP contains 0.36% sulfur with a heat content oj
11,100 Btu/lb (compared to 0.45% sulfur and 8,300

Btu/lb for the feed coal).

¢ The CDL® contains 0.6% sulfur and 140,000 Btu/gal .
(compared to 0.8% sulfur and 150,000 Btu/gal for No.

6 fuel oil).

* In utility applications, PDFenabled reduction in SO
emissions, reduction in N@missions (through flame
stabilization), and maintenance of boiler rated capacity

with fewer mills in service.

¢ LFC® products contained no toxins in concentrations

anywhere close to federal limits.

Operational

¢ Steady state operation exceeding 90% availability was
achieved for extended periods for the entire plant
(numerous runs exceeded 120 days duration). .

Coal Processing for Clean Fuels

¢ The LFC process consistently produced 250 tons/day
of PDP® and 250 barrels/day of CBIlfrom 500 tons/
day of run-of-mine PRB coal.

Integrated operation of the LE@rocess components

for evaluation and design of a commercial unit. Ec

Over 83,500 tons of PORwvere shipped via 17 unit o
trains and one truck shipment to seven customers in
six states. Shipments included 100% PRRd blends
from 14-94% PDE

PDP?, alone and in blends, demonstrated excellent
combustion characteristics in utility applications,
providing heating values comparable to bituminous
coal, more reactivity than bituminous coal, and a
stable flame.

* The low-volatile PDE also showed promise as a re-
ductant in direct iron reducing testing and also as a
blast furnace injectant in place of coke.

Nearly 5 million gallons of CDE were produced and
shipped to eight customers in seven states.

CDL® demonstrated fuel properties similar to a low
sulfur No. 6 fuel oil but with the added benefit of
lower sulfur content. High aromatic hydrocarbon
content, however, may make CBmore valuable as a

over five years has provided a comprehensive databasechemical feedstock.

onomic

A commercial plant designed to process 15,000-met-
ric-ton/day would cost an estimated $475,000,000
(2001 year dollars) to construct, with annual operating
and maintenance costs of $52,000,000 per year.
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Project Summary

Operational Performance

The LFC facility operated for more than 15,000 hours
over a five year period. Steady-state operation was mai
tained for much of the demonstration with availabilities

of 90 percent for extended periods. The length of opera-
tion and volume of production proved the soundness an

durability of the process.

Exhibit 43 summarizes ENCOAL’s production
history. By the end of the demonstration, over 83,500
tons of PDE were shipped via 17 unit trains and one
truck shipment to seven customers in six states. Ship-
ments included 100% PDFRnd blends from 14-94 per-
cent PDP. Over 5 million gallons of CDLwere pro-
duced and shipped to eight customers in seven states.

PDF® Product. As with most demonstrations, how-
ever, success required overcoming many challenges.
most difficult challenge had to do with stability of the
PDP® product, which had to be overcome to achieve
market acceptance.

In June 1993, efforts ceased in trying to correct per
sistent PDF stability problems within the bounds of the
original plant design. The rotary cooler failed to provide|
the deactivation necessary to quell spontaneous ignitior]
of PDP®. It was concluded that a separate, sealed vess¢
was needed for product deactivation. A search for a

The

for finishing, eliminating product quality and labor penal-  Following VFB installation, CDE quality improved.

ties for external finishing. The pour point ranged from 75° to 95 °F, and the flash
“Pile layering” was the primary external PBfiish- point averaged 230 °F, both within the design range.

ing measure adopted. However, PRfuality becomes  Water content was down to 1-2 percent, and solids con-

Comewhat impaired by impacting size, moisture and  tent was 2—4 percent. Improvements resulted from more

ash content. consistent operation and lower pyrolysis temperatures and
Pursuit of a finishing process step resulted in estabhigher pyrolysis flow rates enabled by a new pyrolyzer

Icljshment of a stabilization task force composed of privatevater seal.

sector and government engineers and scientists. The

outcome was construction and testing of a Pilot Air Sta

lization System (PASS) to complete the oxidative deact Powder River Basin coal without a heating value penalty.

vation of PDE. PASS controls temperature and humidity .
) L ) In fact, the LFC process removes organically-bound
during forced oxidation. The data obtained were used to

develop specifications and design requirements for a fuI?UIfur’ making the PDFproduct lower in sulfur than the
P sp gnreq parent coal on a Btu basis. Because the ROM coal is low

scale, in-plant PDFfinishing unit based upon a commer-. .
) . . in ash, PDE ash levels remain reasonable after process-
cial (Aeroglide) tower dryer design. . . .
: i ing, even though the ash level is essentially doubled (ash
CDL® Product. The first shipment of ENCOAL's

. . . from one ton of ROM coal goes into % ton of PRF
liquid product experienced unloading problems. The use . .
. ) ) Dust emissions were not a problem with PD&

of heat tracing and tank heating coils solved the unload-
) dust suppressant (MK) was sprayed on the PiDFEoat
ing problems for subsequent customers. The Calko . . a

. . }he surface as it leaves the storage bin. Also,*Riak a
contained more solids and water than had been hoped for . . o .

narrower particle size distribution than ROM coal, having

Environmental Performance
SDF® Product. PDF® offers the advantages of low-sulfur

but was considered usable as a lower grade oil.

Exhibit 43
ENCOAL Production

suitable design led to adoption of a vibrating fluidized-
bed (VFB). A 500 ton/day VFB was installed between
the quench table and rotary cooler. (Installation of a sec

ond 500 ton/day VFB was planned but never
implemented.)

Although the VFB enhanced deactivation, the PDF
still required “finishing” to achieve stabilization. Exten-
sive study revealed that more oxygen was needed for
deactivation. Two courses of action were pursued: (1)
development of interim measures to finish deactivation
external to the plant, enabling immediate PBRipment
for test burns; and (2) development of an in-plant proce
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Pre-VFB Post-VFB
1992 1993 1994 1995 1996 1997* Sum

Raw Coal Feed (tons) 5,200 12,40p 67,500 65,800 68,000 39,340 258,300
PDPF Produced (tons) 2,200 4,900 31,700 28,600 33,300 19,300 120,500
PDPF Sold (tons) 0 0 23,700 19,100 32,700 7,400 82,900
CDL® Produced (bbl) 2,600 6,600 28,000 31,700 32,500 20,300 121,700
Hours on Line 314 980 4,300 3,400 3,600 2,603 15,197
Average Length of
Runs (Days) 2 8 26 38 44 75

Eghrough June 1997.

Coal Processing for Clean Fuels



a larger fines content but fewer particles in the fugitive A determination was made that a centrifuge was the demonstration and shortly thereafter—two Indone-
dust range than ROM coal. needed to reduce solids retention (tests validated a 90 sian, one Russian, and two U.S. projects. A U.S. project
ENCOAL's test burn shipments became internationgdercent removal capability); and an optimum slate of  has received an Industrial Siting Permit and an Air Qual-
when Japan'’s Electric Power Development Company upgraded products was identified. The upgraded produitisConstruction Permit.
(EPDC) evaluated six metric tons of PDIR 1994. The  were: (1) crude cresylic acid (2) pitch, (3) refinery feed-
EPDC, which must approve all fuels being considered fatock (low-oxygen middle distillate), and (4) oxygenated
electric powgr generation |n. .Japar.1, found PBEcept- middle distillate (industrial fuel). ENCOAL Corporation
able for use in Japanese utility boilers. Economic PO Box 3038

In October 1996, |nst.rumented combust|o.n testing The “base case” for economics of a commercial plantis  Gillette, WY 82717
was cond.uct’ed at the Infj|ana-Kentuck.y Electr|c the 15,000-metric-ton/day, three-unit North Rochelle (307) 682-7938 (fax)
ﬁg:i;?ﬁ;ﬂgfﬁlﬁ!z; ?;2?;2:3::}?' Unit #3. LFCP® plant, the commercial scale plant proposed by ~ Douglas Archer, DOE/HQ, (301) 903-9443
’ ENCOAL, with an independent 80-MW cogeneration  Douglas M. Jewell, FETC, (304) 285-4720
* Full generating capacity using PB#as possible with it and no synthetic fuel tax credit (29¢ tax credit). It isRe rences

one mill out of service, which was not possible on the;ssymed that the cogeneration unit is owned and operate . - .
baseline fuel and a source of concern. Operation onpy an independent third-party. The capital cost for a full ©  ENCOAL’ Mild Gasification Plant Commercial Plant

Contacts
Brent A. Knottnerus, (307) 686-5486

PDF® afforded time to perform mill maintenance and g¢gle three module LFGlant is $475 million. Feasibility Study.U.S. Department of Energy. Sep-
calibration without losing capacity or revenues, in- Economic benefits from an LE@ommercial plant tember 1997. Report No. DOE/MC/27339. (Available
creasing capacity factor and availability and decreas-gre derived from the margin in value between a raw, from NTIS as DE98002005.)

ing operating and maintenance costs. unprocessed coal and the upgraded products, making an Final Design Modifications ReportJ.S. Department

+ NO, emissions were reduced by 20 percent due to higfC® plant dependent on the cost of feed coal. In fact, ~ of Energy. September 1997. Report No. DOE/MC/
PDP reactivity, resulting in almost immediate ignitionthis is the largest single operating cost item. The total =~ 27339-5797. (Available from NTIS as DE98002006.)
upon leaving the burner coal nozzle. Furthermore, estimated operating cost is $9.00/ton of feed coal includs ENCOAL® Mild Gasification Project: ENCOAL
PDF sustained effective combustion (maintaining loving the cost of feed coal, chemical supplies, maintenance, project Final Report.Report No. DOE/MC/27339-
loss on ignition) with very low excess oxygen, which and labor. 5798. U.S. Department of Energy. September 1997.
is conducive to low NQemissions. Commercial Applications (Available from NTIS as DE98002007.)

 PDF use precipitated increased ash deposits in the |, 3 commercial application, CDIwould be upgraded to ¢ Johnson, S.A., and Knottnerus, B.A. “Results of the
convective pass that were wetter than those resultingcresy"C acid, pitch, refinery feedstock, and oxygenated ~ PDF® Test Burn at Clifty Creek Station.S. Depart-
from baseline coal use, requiring increased middle distillate. Oxygenated middle distillate, the low-  ment of Energy Topical Repor©ctober 1996.
sootblowing to control build-up. est value byproduct, would be used in lieu of natural gas ENCOAL® Mild Coal Gasification Demonstration

CDL"Product. The CDL" liquid product is a low-sulfur, a5 a make-up fuel for the process (30 percent of the pro-  Project Public Design and Construction RepoRe-

highly aromatic, heavy liquid hydrocarbon. CDiuel cess heat input). PDRvould be marketed notonly asa  port No. DOE/MC/27339-4065. ENCOAL Corpora-

characteristics are similar to a low-sulfur No. 6 fuel oil, pgiler fuel but as a supplement or substitute for coke in tion. December 1994. (Available from NTIS as

except that the sulfur content is significantly less. Its  the steel industry. PDFeharacteristics make it attractive DE95009711.)

market potential as a straight industrial residual fuel, g tne metallurgical market as a coke supplement in pul-

however, appears limited. The market for Clis a fuel  yerized coal injection and granular coal injection methods

never materialized and CDlhas limited application as a gnd as a reductant in direct reduced iron processes.

blend for high sulfur residual fuels due to incompatibility  partners in the ENCOALproject completed five

of the aromatic CDE with many straight-chain hydrocar- getajled commercial feasibility studies over the course of
bon distillates.

Coal Processing for Clean Fuels Project Fact Sheets 151



ndustrial Applications

Industrial Applications



Industrial Applications

Blast Furnace Granular-Coal
Injection System

o= | CYCLONE

1)

. . IRON ORE
Demonstration Project COKE HOT LOW-BTU
N LIMESTONE FURNACE GAS | coLb OFFGAS

Participant BLAST J

Bethlehem Steel Corporation AR PREHEATER

Additional Team Members COAL SC>TL<')DS PARTICULATE
L . PREPARATION REMOVAL

British Stegl Consultant.s. Overseas Serwce;, Inc. GRANULATED RECYCLE WET SCRUBBER
(marketing arm of British Steel Corporation)— COAL CLEANED

INJECTION BLAST LOW-BTU

technology owner —J FURNACE SLAET AU

CPC-Macawber, Ltd. (formerly named Simon-Macawbel], PBRLEAHSETAL';D GAS FOR
Ltd.)—equipment supplier (world rights to sublicense — PLANT USE
technology) BLAST FURNACE v

Fluor Daniel, Inc.—architect and engineer OFFGAS
ATSI, Inc.—injection equipment engineer (North MOLTEN SLAG MIORIE-)I—IEN

America technology licensee)

Location %

Burns Harbor, Porter County, IN (Bethlehem Steel's TO STEELMAKING
Burns Harbor Plant, Blast Furnace Units C and D)

Coal
Eastern bituminous, 0.8—2.8% sulfur; and
western subbituminous, 0.4—-0.9% sulfur

tion technology; to demonstrate sustained operation withnatural gas or oil, does not cause as severe a reduction in
a variety of coal particle sizes, coal injection rates, and raceway temperatures. In addition to displacing natural

Technology coal types; and to assess the interactive nature of these gas, the coal injected through the tuyeres displaces coke,
British Steel and CPC-Macawber blast furnace granularParameters. the primary blast furnace fuel and reductant (reducing
coal injection (BFGCI) process Technology/Project Description agent), on approxmately a .p.ound-for-po.und basis.

i i In the BFGCI process, either granular or pulverized coal BFGCI technology has significant potential to reduce
Plant Capacity/Production o . P ' g . P Ipollutant emissions and enhance blast furnace produc-
7,000 net tons of hot metal (NTHM)/day (each blast is injected into the blast furnace in place of natural gas o

. tion because coke production results in significant emis-
furnace) oil as a blast furnace fuel supplement. The coal, along . .
sions of NQ, SQ, and air toxics. Coal could replace up

with heated air, is blown into the barrel-shaped section in )
t% 40% of the coke requirement.

Project Funding the lower part of the blast furnace through passages calle

Total project cost $194,301,790 100% tuyeres, which creates swept zones in the furnace called Em|§3|ons generated by the bl,a‘f’t furnace itself

DOE 31,824,118 16 . . . remain virtually unchanged by the injected coal; the gas
- O™ raceways. The size of a raceway is important and is de- iting the blast f i< ol d and din the mill

Participant 162,477,672 pendent upon many factors, including temperature. Low-exl Ing the biast furhace 1S cleaned and used in the mit.

Sulfur from the coal is removed by the limestone flux

i iecti ering of a raceway temperature, which can occur with i T
Project Objective g y P and bound up in the slag, which is a salable by-product.

To demonstrate that existing iron-making blast furnacesnatural gas injection, reduces blast furnace production
can be retrofitted with blast furnace granular-coal injec- rates. Coal, with a lower hydrogen content than either
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Calendar Year *k
1989 1990 1991 1993 1994 1995 1996 1997 1998 1999 2000
3 4|1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4|11 2 3 4 1 2 3 4 1 2

12/89 11/90 ) ) 11/95 12/99
| Preaward | Design and Construction Operation

A A A T
Operation initiated 11/95
Preoperational tests initiated 2/95
Er(gjicste(lgg'?'(-jlll) Construction completed 1/95

12/19/89 Environmental monitoring plan completed 12/23/94

Operation completed 9/99*

: Project completed/final report
Design completed 12/93 issued 12/99*

Construction started 9/93

NEPA process completed (EA) 6/8/93

*Projected date
Cooperative agreement awarded 11/26/90 **Years omitted

Two high-capacity blast furnaces, Units C and D at coal was the Virginia Pocahantas coal with high carbon showing a 40% reduction in power costs for granulation
Bethlehem Steel’s Burns Harbor Plant, were retrofitted and relatively low ash content. Three trials were run  versus pulverization.
with BFGCI technology. Each unit has a production  varying the ash content while keeping all other
capacity of 7,000 NTHM/day. The two units use about parameters constant.
?,800 tons/day of. coa! during full operatlon. Tests will . .The high ash trials revealed that (l.) furnace PEMe-~ <t furnaces. The technology should be applicable to
include eastern bituminous coals with sulfur content of ability was not changed and no deleterious effect was . . . .
o . ) } argl rank coal commercially available in the United States
0.8-2.8% and a western subbituminous coal having  experienced in the raceway, (2) furnace blast pressure an . .
. o . at has a moisture content no higher than 10%. The
0.4-0.9%. wind volume were maintained at the base conditions . . . L
environmental impacts of commercial application are

during the trial, (3) furnace production rates wereupas . . . . . - .
- ) . ) primarily indirect and consist of a significant reduction of
delay periods declined during the trial, and (4) hot metal . . . o .
o o emissions resulting from diminished coke-making re-
silicon and sulfur content and variability were about the quirements
coke and results in better blast furnace operation than lsimdefdur|r1t?] altl .thlree pﬁnods. (I:;)r:ret(;:]ed cgke ratlc(es ca}[lcu- The BFGCI technology was developed jointly by
ated trom the rial resuts reveal that tnere 1 a Coke Il ok steel and CPC-Macawber. British Steel has

high-volatile coal. The replacement ratio was 0.96 ) .
. _disadvantage of 3 Ib/NTHM for each 1% increase of ash L
pounds of coke replaced for every pound of low-volatile , L L granted exclusive rights to market BFGCI technology
n the injection coal at an injection rate of 260 Ib/NTHM.

coal used. A major conclusion of the early trials was tha{ ) ) worldwide to CPC-Macawber. CPC-Macawber also has
S Western coal trials were completed using Colorado . . . .
granular-coal injection performs very well on large blast ) . . . the right to sublicense BFGCI rights to other organiza-
. Oxbow high-volatile granular and pulverized coal. Tr|alst. o

furnaces. The low-volatile coals used were Buchanan and. . ions through-out the world. British Steel and CPC-

. . . validated that low-volatile coal replaces more coke than . o .
Virginia Pocahantas coals (different mines, but same ) . j ) . Macawber have recently installed a similar facility at U.S.

o . high-volatile coal. The high-volatile coal required 31.4 ) -

seam and similar properties). KWhiton to pulverize and 19.6 kWhiton to aranulate Steel’s Fairfield blast furnace.

Further trials were conducted on the effect of higher P g '

coal ash content on the furnace operation. The baseline

Commercial Applications
BFGCI technology can be applied to essentially all U.S.

Project Status/Accomplishments
Early trials comparing high- and low-volatile coals as
injectant showed that low-volatile coal replaces more
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Clean Power from Integrated )
Coal/Ore Reduction I |
(CPICOR™) FUEL GAS
Participant
CPICOR™ Management Company, L.L.C. (a limited H
liability company composed of subsidiaries of the Geneya POST-CSO%%UST'ON i
Steel Company)
GAS CLEANING
Additional Team Members COAL
Geneva Steel Company—cofunder and host; constructgr |RON'°5F’;E,
and operator of unit COAL, /j‘ AND FLUXES
IRON ORE,
Location AND FLUXES
Vineyard, Utah County, UT (Geneva Steel Company’s S
mill)
SLAG =<
Technology | —— STOVES OXYGEN
Hismelf direct ironmaking process HOTMETAL " yEggE| J
Plant Capacity/Production [ ] [ ] COLD BLAST
3,300 tons/day liquid iron production | [ | |
Coal
Bituminous, 0.5% sulfur . . )
Technology/Project Description and evolved CO entrain and propel droplets of slag and
Project Funding The Hismelt process is based on producing hot metal molten iron upward into the post combustion zone.
Total project cost $1,065,805,000 100% and slag from iron ore fines and non-coking coals. The The iron reduction reaction in the molten bath is
DOE 149,469,242 14 heart of the process is producing sufficient heat and maihdothermic; therefore, additional heat must be generated
Participant 916,335,758 86  taining high heat transfer efficiency in the post combus-and returned to the bath to sustain the reduction process

tion zone above the reaction zone to reduce and smelt and maintain an acceptable hot metal temperature. This
iron oxides. Tests have consistently demonstrated 60%additional heat is generated by post-combusting the CO
JRost-combustion levels (degree of post combustion at- and hydrogen from the bath with oxygen-enriched hot air
tained) with 90% heat transfer efficiency. blast entering through the central top lance. The heat is

The Hismelt process uses a vertical smelt reductiorabsorbed by the metal and slag droplets and returned to
reactor, which is a closed molten bath vessel, into whichthe bath as the droplets descend under the gravity. Drop-
iron ore fines, coal, and fluxes are injected. The coal, lets in contact with the gas in the post-combustion zone
which can have a wide range of composition, is injectedabsorb heat, but are shrouded during the descent by as-
into the bath where carbon is rapidly dissolved. The  cending reducing gases (CO), which together with bath
Hismelt is a registered trademark of Hismelt Corporation Pty Limited. dissolved carbon reacts with oxygen (from the injected carbon, prevent unacceptable levels of FeO in the slag.
CPICOR is a trademark of the CPICOR™ Management Company, L.Liton ore) to form CO and metallic iron. Injection gases

Project Objective

To demonstrate the integration of a direct iron-making
process with the co-production of electricity using vario
U.S. coals in an efficient and environmentally
responsible manner.
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Calendar Year *% *k

1993 1994 1996 1997 2000 2001 2002 2003 2004 2005 2006
3 4(1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2

5/93 10/96 5/03 10/05
| Preaward | Design and Construction Operation
A A T A A T
NEPA process completed 12/00* complet:c;/(;%ﬁglt
Construction started 12/00* report issued 10/05*
Operation
completed 10/05*
Cooperative agreement awarded 10/11/96 Operation initiated 5/03*
DOE selected project Construction completed 5/03*

(CCT-V) 5/4/93
Environmental monitoring

o
plan completed 9/02* Projected date

**Years omitted

The molten iron collects in the bottom of the bath  Thus, CPICOR™ chose to examine alternatives. The Commercial Applications
and is continuously tapped from the reactor through a processes evaluated included: AlSI direct ironmaking, The Hismelt technology is a direct replacement for exist-
fore-hearth, which maintains a constant level of iron in DIOS, Romelt, Tecnored, Cyclonic Smelter, and ing blast furnace and coke-making facilities with addi-
the reactor. Slag, which is periodically tapped through eHlsmelf. The Hlsmeft process appears to offer good tional potential to produce steam for power production.
conventional blast furnace-type tap hole, is used to coateconomic and operational potential, as well as the pros-Of the existing 79 coke oven batteries, half are 30 years
and control the internal cooling system and reduce the pect of rapid commercialization. CPICOR™ has com- of age or older and are due for replacement or major

heat loss. pleted testing of two U.S. coals at the Hlisfheltot plant rebuilds. There are about 60 U.S. blast furnaces, all of
Reacted gases, mainly,NCQ,, CO, H, and water near Perth, Australia. which have been operating for more than 10 years, with
vapor, exit the vessel. After scrubbing the reacted gases, On February 1, 1999, Geneva Steel Company some originally installed up to 90 years ago. Histnelt

the cleaned gases will be combusted to produce 170-M{(@PICOR" Management Company’s parent corporation)represents a viable option as a substitute for conventional
of power. The cleaned gases can also be used to pre-hélad a voluntary petition for bankruptcy under Chapter 1itonmaking technology.
and partially reduce the incoming iron ore. of the United States Bankruptcy Code in the U.S. Bank- The HIsmelt process is ready for demonstration.
. . ruptcy Court for the District of Utah. Geneva Steel in-  Two pilot plants have been built, one in Germany in 1984
Project Status/Accomplishments . . ) o

. ends to emerge from Chapter 11 with a restructured  and one in Kwinana, Western Australia in 1991. Through
The cooperative agreement was awarded on October 11, , R . .

alance sheet that will enable full participation in this  test work in Australia, the process has been proven—

1996. CPICOR™ analyzed the global assortment of new

direct ironmaking technologies to determine which tech_demonstratlon project. Other developments include theoperational control parameters have been identified and

following: DOE is reviewing final drafts of license and complete computer models have been successfully devel-
nology would be most adaptable to western U.S. coals Keti s bet Hisfmalid CPICOR: d and h lis to h full tional
and raw materials. Originally, the CORERrocess marketing agreements between Hisfhe ; oped and proven. The goal is to have a fully operationa

. . , . DOE has established a NEPA Team to review the Envi- commercial plant by early the next decade.
appeared suitable for using Geneva'’s local raw materials;

however, lack of COREXplant data on 100% raw coals ronmental Information Volume and begin the NEPA

. S . scoping process; baseline air monitoring is in progress.
and ores prevented its application in this demonstration. ping p ' g prog
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Advanced Cyclone
Combustor with Internal
Sulfur, Nitrogen, and Ash
Control

Project completed.

Participant
Coal Tech Corporation

Additional Team Members

Commonwealth of Pennsylvania, Energy Development
Authority—cofunder

Pennsylvania Power and Light Company—supplier of
test coals

Tampella Power Corporation—host

Location
Williamsport, Lycoming County, PA (Tampella Power
Corporation’s boiler manufacturing plant)

Technology
Coal Tech’s advanced, air-cooled, slagging combustor

Plant Capacity/Production
23 x 10 Btu/hr of steam

Coal
Pennsylvania bituminous, 1.0-3.3% sulfur

Project Funding

Total project cost $984,394 100%
DOE 490,149 50
Participant 494 245 50

Project Objective

AIR-COOLED CERAMIC

LINER
PRIMARY AIR, COAL, n \
AND SORBENT s 1
yA I
A 1
START-UP ‘ L

OIL/GAS

AIR

SECONDARY
AIR

SLAG TAP

SLAG

Technology/Project Description combustor was designed to retain a high percentage of the
Coal Tech’s horizontal cyclone combustor is internally ash and sorbent fed to the combustor as slag. For NO
lined with an air-cooled ceramic that is air-cooled. Pul- control, the combustor is operated fuel rich, with final
verized coal, air, and sorbent are injected tangentially combustion taking place in the boiler furnace to which
toward the wall through tubes in the annular region of thiie combustor is attached. S®captured by injection of
combustor to cause cyclonic action. In this manner, codimestone into the combustor. The cyclonic action inside
particle combustion takes place in a swirling flame in a the combustor forces the coal ash and sorbent to the walls
region favorable to particle retention in the combustor. where it can be collected as liquid slag. Under optimum
Secondary air is used to adjust the overall combustor operating conditions, the slag contains a significant frac-
stoichiometry. Tertiary air is injected at the combustor/ tion of vitrified coal sulfur. Downstream sorbent injec-

To demonstrate that an advanced cyclone combustor cawoiler interface. The ceramic liner is cooled by the sec- tion into the boiler provides additional sulfur removal
be retrofitted to an industrial boiler and that it can simul-ondary air and maintained at a temperature high enougttapacity.

taneously remove up to 90% of the SMd 90-95% of
the ash within the combustor and reduce, KO
100 ppm.

158 Project Fact Sheets

to keep the slag in a liquid, free-flowing state. The sec- In Coal Tech’s demonstration, an advanced, air-
ondary air is preheated by the combustor walls to attain cooled, cyclone coal combustor was retrofitted to a
efficient combustion of the coal particles in the fuel-rich 23 x 1¢ Btu/hr, oil-designed package boiler located at the
combustor. Fine coal pulverization allows combustion oTampella Power Corporation boiler factory in

most of the coal particles near the cyclone wall. The  Williamsport, Pennsylvania.
Industrial Applications



Calendar Year

3 4(1 2 3 41 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2

1986 1987 1988 1989 1990 1991 1992 1993

1994 1995 1996

Design and Construction

7186 3/87 11/87 9/91
|Preaward | Operation

A A A T
T Operation

Construction completed 11/87  completed 5/90
Operation initiated 11/87

Environmental monitoring plan completed 9/22/87

Design completed 7/87
Ground breaking/construction started 7/87

Cooperative agreement awarded 3/20/87
NEPA process completed (MTF) 3/26/87

DOE selected project (CCT-l) 7/24/86

Project completed/final report issued 9/91

Results Summary » Ash/sorbent retention in the combustor as slag aver- Economic

Environmental

lean conditions, retention averaged 80%.
SO, removal efficiencies of over 80% were achieved .

with sorbent injection in the furnace at various
calcium-to-sulfur (Ca/S) molar ratios.

the addition of a wet venturi scrubber.

SO, removal efficiencies up to 58% were achieved Operational

with sorbent injection in the combustor at a Ca/S * Combustion efficiencies of over 99% were achieved.
molar ratio of 2.0. A 3-to-1 combustor turndown capability was demon-
A maximum of 1/3 of the coal’s sulfur was retained in  Strated. Protection of combustor refractory with slag
the dry ash removed from the combustor (as slag) and was shown to be possible.

furnace hearth. A computer-controlled system for automatic combus-
At most, 11% of the coal’s sulfur was retained in the  tor operation was developed and demonstrated.
slag rejected through the combustor’s slag tap.

NO,_emissions were reduced to 184 ppm by the com-

bustor and furnace and to 160 ppm with the addition

of a wet particulate scrubber.

Combustor slag was essentially inert.

Industrial Applications

aged 72% and ranged from 55-90%. Under more fugl gecause the technology failed to meet commercializa-

tion criteria, economics were not developed during the

Meeting local particulate emissions standards required demonstration. However, subsequent efforts indicate

that incremental capital costs for installing the coal
combustor in lieu of oil or gas systems are
$100-$200/kW.
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sion standards, a wet venturi particulate scrubber was
installed at the boiler outlet.

Project Summary
The novel features of Coal Tech’s patented
ceramic-lined, slagging cyclone combustor

. L . Operational Performance
included s air-cooled walls a.nd enwronmg Combustion efficiencies exceeded 99% after proper oper-
tal control of NQ, SQ,, and solid waste emis- Ly

i i ) ) =t [ f ating procedures were achieved. Combustor turndown to
sions. Air cooling t(?Ok place ina verx com- i :P 6 x 10 Btu/hr from a peak of 19 x ®tu/hr (or a 3-to-1
pact combustor, .Wh'Ch .COU|d be .rfetroflt.ted 10 Scu— i{ turndown) was achieved. The maximum heat input dur-
a Wl.de ran.ge of |n.dustr|.al and ut|I.|ty boiler —r R L3 ing the tests was around 20 ¥ Bu/hr, even though the
deSIQnS.W'thOUt dls.turblng the boiler's water g I combustor was designed for 30 ¥ Bdu/hr and the
s.team C'rcu'tj In this technology, I}I&(Ijuc- boiler was thermally rated at around 25 x B€u/hr. This
tion was achieved by .st.agejd compust|on, a situation resulted from facility limits on water availability
,SOZ was captured by |nject|or.1 of I|m§§tone for the boiler. In fact, due to the lack of sufficient water
into the combustor and/or boiler. Critical to |8 cooling, even 20 x ¥®tu/hr was borderline, so that most
combustor performance was removal of ash|

' s . of the testing was conducted at lower rates.
as slag, which would otherwise erode boiler |

- - o _ . .
. . . e “‘"“ A —_— — Different sections of the combustor had different

tubes. This was particularly importantin oil A The slagging combustor, associated piping, and control panel for materials requirements. Suitable materials for each sec-
furnace retrofits where tube spacing is tight Coal Tech’s advanced ceramic-lined slagging combustor are shown.

made possible by the low-ash content of oil- . . . ; ; ;
( P Y was retained in the slag rejected through the slag tap. Operational procedures were closely coupled with materi-

based fuels). Additional sulfur retention in the slag is possible by in- als durability. As an example, by implementing certain

The test effort consisted of 800 hours of operation, . . . . ;
b creasing the slag flow rate and further improving fuel-ricRrocedures, such as changing the combustor wall tem-

including five individual tests, each of four days duratlonéombustion and sorbent-gas mixing. perature, it was possible to replenish the combustor re-

An additional 100 hours of testing was performed as part . . . . . .
o g P > P With fuel-rich operation of the combustor, a three- fractory wall thickness with slag produced during com-
of a separate ash vitrification test. Test results obtained

. . o fourths reduction in measured boiler outlet stack M@s  bustion rather than by adding ceramic to the combustor
during operation of the combustor indicated that Coal . . LN I
. - . . obtained, corresponding to 184 ppm. An additional 5— Wwalls.
Tech attained most of the objectives contained in the

: . ) 10% reduction was obtained by the action of the wet The combustor’s total operating time during the life
cooperative agreement. About eight different Pennsylva-

""rf'iﬁ ﬁ

tion were identified. Also, the test effort showed that

Co T ) i particulate scrubber, resulting in atmospheric K@is-  of the CCT project was about 900 hours. This included
nia bituminous coal.s with sulfur contents ra.nglng from sions as low as 160 ppm. X approximately 100 hours of operation in two other flyash
1-(())—3-3% and volatile matter contents ranging from 19— All the slag removed from the combustor produced Vitrification tests projects. Of the total time, about one-
37% were tested. trace metal leachates well below EPA's Drinking third was with coal; about 125 tons of coal were con-
Environmental Performance Water Standard. sumed.

A maximum of over 80% SQeduction measured at the Total ash/sorbent retention as slag in the combustor Developing proper combustor operating procedures

boiler outlet stack was achieved using sorbent injection imder efficient combustion operating conditions averageas also an objective. Not only were procedures for

the furnace at various Ca/S molar ratios. A maximum 72% and ranged from 55-90%. Under more fuel-lean Pproperly operating an air-cooled combustor developed,
SO, reduction of 58% was measured at the stack with ~ conditions, the slag retention averaged 80%. In post-C&wut the entire operating data base was incorporated into a
limestone injection into the combustor at a Ca/S molar project tests on flyash vitrification in the combustor, ~ computer-controlled system for automatic combustor

ratio of 2. A maximum of 1/3 of the coal’s sulfur was ~ modifications to the solids injection system and increase¥peration.

retained in the dry ash removed from the combustor andn the slag flow rate produced substantial increases in the

furnace hearths, and as much as 11% of the coal’s sulfwslag retention rate. To meet local stack particulate emis-
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Commercial Applications
In conclusion, the goal of this project was to validate the

performance of the air-cooled combustor at a commercig

scale. While the combustor was not yet fully ready for
sale with commercial guarantees, it was believed to hav
commercial potential. Subsequent work was undertake

which has brought the technology close to commercial

introduction.

Contacts

Bert Zauderer, President, (610) 667-0442
Coal Tech Corp.
P.O. Box 154
Merion Station, PA 19066
coaltechbz@compuserve.com

William E. Fernald, DOE/HQ, (301) 903-9448
Arthur L. Baldwin, FETC, (412) 892-6011

References

» The Coal Tech Advanced Cyclone Combustor Demo

stration Project—A DOE AssessmenReport No. A Coal Tech’s slagging combustor demonstrated the capability to retain, as slag, a high

DOE/PC/79799-T1. U.S. Department of Energy. Ma?ercentage of the non-fuel components injected into the combustor. The slag, shown on the

1993. (Available from NTIS as DE93017043.)

e The Demonstration of an Advanced Cyclone Coal
Combustor, with Internal Sulfur, Nitrogen, and Ash
Control for the Conversion of a 23 MMBtu/Hour Oil
Fired Boiler to Pulverized Coal; Vol. 1: Final Techni-
cal Report; Vol. 2: Appendixes |-V, Vol. 3: Appendix
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Technology Program: Advanced Cyclone Combustor

with Internal Sulfur, Nitrogen, and Ash ContrdCoal
Tech Corporation. Report No. DOE/FE-0077. U.S.
Department of Energy. February 1987. (Available
from NTIS as DE87005804.)
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conveyor, is essentially an inert glassy by-product with value in the construction industry as
aggregate or in the manufacture of abrasives.
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Industrial Applications
| Seinvst \
EXHAUST t

Cement Kiln Flue Gas REAGTION _L; . I

Recovery Scrubber TNk

Project completed. T\— m

Participant —
Passamaquoddy Tribe — ——
t EXHAUST GAS
Additional Team Members CEKnl/lLE,\‘NTL;'
Dragon Products Company—project manager and host DUST GAS [ [ =

DILUTION
TANK

STACK

<

COOLER

HPD, Incorporated—designer and fabricator of tanks and — N — —

heat exchanger T W
Cianbro Corporation—constructor KILN EXHAUST ] CT_TZSETRAL- B —L I Eﬁ_EV'\\fD
Location L —
Thomaston, Knox County, ME (Dragon Products & 7 ) SOLUTION DISTILLED
Company’s coal-fired cement kiln) Sébir I = - = . = “WATER
Technology EXCHANGER j‘\— - - omssun
Passamagquoddy Technology Recovery Scrubber™ E SULFATE
Plant Capacity/Production
1,450 tons/day of cement; 250,000 scfm of kiln gas; and
up to 274 tons/day of coal
Coal Technology/Project Description cess used at the Dragon Products Plant. The liquid frac-
Pennsylvania bituminous, 2.5-3.0% sulfur The Passamaquoddy Technology Recovery Scrubber™tion is passed to a crystallizer that uses waste heat in the
Project Funding uses cement kiln dust (CKD), an alkaline-rich (potassiurfilie gas to evaporate the water and recover dissolved
Total project cost $17,800,000 100% Waste, to react with the acidic flue gas. This CKD, reprealkali metal salts. A recuperator lowers the incoming flue
DOE 5,982,592 34  senting about 10% of the cement feedstock otherwise lagts temperature to prevent slurry evaporation, enables the
Participant 11,817,408 66 as waste, is formed into a water-based slurry and mixeduse of low-cost fiberglass construction material, and

with the flue gas as the slurry passes over a perforated provides much of the process water through condensation
- . ) tray that enables the flue gas to percolate through the of exhaust gas moisture.

To retrofit and demonstrate a full-scale '”dE‘STF'a' ScrUbbgfurry. The SQin the flue gas reacts with the potassium The Passamaquoddy Technology Recovery Scrub-
and WaSt? recgvery system for a coal-burning wet proceﬁjsform potassium sulfate, which stays in solution and ber™ was constructed at the Dragon Products Company’s
cement kiln using waste dust as the reagent to accompl‘%%ains in the liquid as the slurry undergoes separationcement plant in Thomaston, ME, a plant that can process
90-95% SQreduction using high-sulfur eastern coals; into liquid and solid fractions. The solid fraction, in thick-approximately 450,000 tons/yr of cement. The process
and to produce a commercial by-product, potassium- ened slurry form and freed of the potassium and other was developed by the Passamaquoddy Indian Tribe while
based fertilizer by-products. alkali constituents, is returned to the kiln as feedstock (iit was seeking ways to solve landfill problems, which

is the alkali content that makes the CKD unusable as resulted from the need to dispose of CKD from the ce-
feedstock). No dewatering is necessary for the wet pro- ment-making process.

Project Objective

Passamaquoddy Technology Recovery Scrubber is a trademark of th
Passamaquoddy Tribe.
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Calendar Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 4(1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2

9/88 12/89 8/91 2/94
| Preaward | Design and Construction Operation

A A A T T ¢

Operation initiated 8/91 Operation

Construction completed 5/91 completed /93

Preoperational tests initiated 5/91

Design completed 4/90 Project completed/final report issued 2/94
DOE
selected Environmental monitoring plan
project completed 3/26/90
(CCT-II) NEPA process completed (EA) 2/16/90
9/28/88
Cooperative agreement awarded 12/20/89
Construction started 6/89
Results Summary e On three different runs, VOC (as represented by alphﬁ-roject Summary
Environmental pinene) removal efficiencies of 72.3, 83.1, and 74.5%The Passamaquoddy Technology Recovery Scrubber™ is
o _ were achieved. a unique process that achieves efficient acid gas and
* The SQremoval efficiency averaged 94.6% during A reduction of approximately 2% in G@missions particulate control through effective contact between flue
1 0 . . .
the last several months of operation and 89.2% for the was realized through recycling of the CKD. gas and a potassium-rich slurry composed of waste kiln

entire operating period. dust. Flue gas passes through the slurry as it moves over

+ The NQ removal efficiency averaged nearly 25% a special sieve tray. This results in high, 8@d particu-
during the last several months of operation and 18.8% During the last operating interval, April to September |ate capture, some N@eduction, and sufficient uptake of

Operational

for the entire operating period. 1993, recovery scrubber availability (discounting hosthe potassium (an unwanted constituent in cement) to

« All of the 250-ton/day CKD waste produced by the site downtime) steadily increased from 65% in April ajlow the slurry to be recycled as feedstock. Waste ce-
plant was renovated and reused as feedstock. This 1993 10 99.5% in July 1993. ment kiln dust, exhaust gases (including waste heat), and
resulted in reducing the raw feedstock requirement b¥:conomic wastewater are the only inputs to the process. Renovated

ement kiln dust, potassium-based fertilizer, scrubbed
xhaust gas, and distilled water are the only proven out-
puts. There is no waste.

The scrubber was evaluated over three basic operat-
m]g intervals dictated by winter shutdowns for mainte-
nance and inventory and 14 separate operating periods
aMthin these basic intervals) largely determined by un-

10% and eliminating solid waste disposal costs. . Capital costs are approximately $10,090,000 (1990 $§

» Particulate emission rates of 0.005-0.007 gr/scf, about for a recovery scrubbé&s control emissions from a
1/10 that allowed for cement kilns, were achieved with 450,000-ton/yr wet process plant, with a simple pay-
dust loadings of approximately back estimated in 3.1 years. Operating and mainte-
0.04 gr/scf. nance costs, estimated at $500,000/yr, plus capital ai

« Pilot testing conducted at U.S. Environmental Protec-  interest costs, are generally offset by avoided costs
tion Agency laboratories under Passamaquoddy Tech- associated with fuel, feedstock, and waste disposal
nology, L.P. sponsorship showed 98% HCl removal.  with revenues from the sale of fertilizer.
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foreseen host-plant maintenance and repairs and a de- mixed with about 90 tons/hr of fresh feed to make up thefficiency. For SQinlet loads in the range of 100 Ib/hr or
pressed cement market. Over the period August 1991 taequired 100 tons/hr. The alkali in the CKD was con- less, recovery scrubber removal efficiency averaged
September 1993, more than 5,300 hours was logged, verted to potassium-based fertilizer, eliminating all solid 82.0%. For SQinlet loads in the range of 100-200 Ib/hr,
1,400 hours in the first operating interval, 1,300 hours invaste. Exhibit 44 lists the number of hours per operatingmoval efficiency increased to 94.1% and up to 98.5%
the second interval, and 2,600 hours in the third intervalperiod, SQand NQ inlet and outlet readings in pounds for loads greater than 200 Ib/hr.
Sulfur loadings varied significantly over the operating per hour, and removal efficiency as a percentage for each In compliance testing for the State of Maine’s De-
periods due to variations in feedstock and operating  operating period. partment of Environmental Quality, the recovery scrubber
conditions. Average removal efficiencies during the demonstra-was subjected to dust loadings of approximately

. tion period were 89.2% for S@nd 18.8% for NQemis-  0.04 gr/scf and demonstrated particulate emission rates of
Operational Performance . . ) X

. . Fions. No definitive explanation for the N€bntrol 0.005-0.007 gr/scf—less than 1/10 the current

Several design problems were discovered and correcte X

. . .mechanics was available at the conclusion of the allowable limit.
during start-up. No further problems were experienced in

. . demonstration.
these areas during actual operation. Aside from the operating period emissions data, an
Two problems persisted into the demonstration pe- P gp '

. . - . . ssessment was made of inle d impact on removal
riod. The mesh-type mist eliminator, which was installed® %2 P

to prevent slurry entrainment in the flue gas, experiencT
ray

plugging. Attempts to design a more efficient water sp Exhibit 44
for cleaning failed. However, replacement with a chev- feol F ;
ron-type mist eliminator prior to the third operating inter- Summary of Emissions and Removal Efficiencies
val was effective. Potassium sulfate pelletization proved i i .
to be a more difficult problem. The cause was eventual ygssgztmg ?ﬁﬁ;a(tm)g lgléi(M)W Oustl%t(% Ren;%val EﬁlCle:I%y ()
isolated and found to be excessive water entrainment due : - : - : -
to carry-over of gypsum and syngenite. Hydroclones 1 211 73 320 10 279 87.0 12.8
were installed in the crystallizer circuit to separate the | 2 476 71 284 11 260 84.6 08.6
very fine gypsum and syngenite crystals from the much | 3 464 87 292 13 251 85.4 14.0
coarser potassium sulfate crystals. Although the correct 4 259 131 252 16 165 87.6 34.5
tion was made, it was not in time to realize pellet produg-5 304 245 203 28 243 88.7 17.1
tion during the demonstration period. After all modifica-{ g 379 222 265 28 208 87.4 21.3
tions were completed, the recovery scrubber entered into-, 328 281 345 28 244 901 20.3
the third and final operating interval—April to Septembef 8 301 124 278 10 188 91.8 32.4
1993. During this interval, recovery scrubber availability 9 314 47 240 7 194 85.7 19.0
(discounting host site downtime) steadily increased fron 10 402 a1 244 6 218 86.1 105
65% in April to 99.5% in July.

11 460 36 315 6 267 834 15.0
Environmental Performance 12 549 57 333 2 291 95.9 12.4
An average 250 tons/day of CKD waste generated by thieq3 464 86 288 4 223 95.0 226
Dragon Products plant was used as the sole reagent in thg, 405 124 274 9 199 92.4 27.4
recovery scrubber to treat approximately 250,000 scfm ¢fy operating time 5,316
flue gas. All the CKD, or approximately 10 tons/hr, werd Weighted Average 109 289 12 234 89 2 18.8
renovated and returned to the plant as feedstock and
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Commercial Applications e Passamaquoddy Technology Recovery Scruliber

Of the approximately 2,000 Portland cement kilns in the  Topical Report.Report No. DOE/PC/89657-T1.
world, about 250 are in the United States and Canada. = Passamaquoddy Tribe. March 1992. (Available from
These 250 kilns emit an estimated 230,000 tons/yr gf SO NTIS as DE92019868.)

(only three plants have S@ontrols, one of which is the . comprehensive Report to Congress on the Clean Coal
Passamagquoddy Technology Recovery Scrubber™). The Technology Program: Cement Kiln Flue Gas Recovery

applicable market for S@ontrol is estimated at 75% of  gcrybper. (Passamaquoddy Tribe). Report No. DOE/
the 250 installations. If full penetration of this estimated fFg.g152. U.S. Department of Energy. November

market were realized, approximately 150,000 tons/yr of ~ 1ggg. (Available from NTIS as DE90004462.)
SO, reduction could be achieved.
The scrubber became a permanent part of the cement
plant at the end of the demonstration. A feasibility study
has been completed for a Taiwanese cement plant.

Contacts

Thomas N. Tureen, Project Manager, (207) 773-7166
Passamaquoddy Technology, L.P.

1 Monument Way

A The Passamaquoddy Technology Recovery Scrubber™

was successfully demonstrated at Dragon Products Portland, ME 04101
Company’s cement plant in Thomaston, ME. (207) 773-7166
_ (207) 773-8832 (fax)
Economic Performance William E. Fernald, DOE/HQ, (301) 903-9448

The estimated “as-built” capital cost to reconstruct the 3o, c. McDowell, FETC, (412) 892-6237
Dragon Products prototype, absent the modifications, is
$10,090,000 in 1990 dollars. References

Annual operating and maintenance costs are esti- ¢ Passamaquoddy Technology Recovery
mated at $500,000. Long-term annual maintenance costs Scrubbef™: Final Report. Volumes 1 and
are estimated at $150,000. Power costs, estimated at 2 (Appendices A—-M. Passamaquoddy
$350,000/yr, are the only significant operating costs. Tribe. February 1994. (Vol. 1 available
There are no costs for reagents or disposal, and no dedi- from NTIS as DE94011175, Vol. 2 as
cated staffing or maintenance equipment are required. DE94011176.)

Considering various revenues and avoided costs that passamaquoddy Technology Recovery

may be realized by installing a recovery scrulsbailar Scrubbef™: Public Design ReportRe-
in size to the one used at Dragon Products, simple pay-  port No. DOE/PC/89657-T2.

back on the investment is projected in as little as Passamaquoddy Tribe. October 1993.
3.1 years. In making this projection, $6,000,000 was (Available from NTIS as DE94008316.)

added to the “as-built” capital costsatow for contin-
gency,designpermitting, construction interest, and li-

censing fees. A The Passamaquoddy Technology Recovery Scrubber™ became a
permanent part of the Dragon Products facility at the project’s end.
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Industrial Applications

Pulse Combustor Design
Qualification Test

Participant
ThermoChem, Inc.

Additional Team Member
Manufacturing and Technology Conversion
International, Inc. (MTCIl)—technology supplier

Location
Baltimore, MD (MTCI Test Facility)

Technology
MTCI’s Pulsed Enhanced™ Steam Reforming using a
multiple resonance tube pulse combustor.

Plant Capacity/Production
30 million Btu/hr (steam reformer)

Coal
Black Thunder (Powder River Basin) subbituminous

Project Funding

Total project cost $8,612,054 100%

DOE 4,306,027 50
Participants 4,306,027

Project Objective

VENTURI VENT STACK
—
GAS COOLING
X COLUMN
) AIR
STEAM COOLER
) 2.sTAGE  PUMP
' CYCLONE PUMP
0 STEAM AIR
253-TUBE K
PULSED BOILER
HEATER v
I FLUE GAS
FEED
WATER
(FOR START-UP) FUEL
AR GAS
FUEL GAS

Pulse combustion increases heat transfer rate by a factor ~ The facility will also have a product gas cleanup
of 3 to 5, thus greatly reducing the heat transfer area re-train that includes two stages of cyclones, a venturi scrub-
quired in the gasifier. ber with a scrubber tank, and a gas quench column. An

To demonstrate the operational/commercial viability of a  The pulse combustor represents the core of the air-cooled heat exchanger will be used to reject heat from

single 253-resonance-tube pulse combustor unit and

evaluate characteristics of coal-derived fuel gas gener-

ated by an existing Process Development Unit.

Technology/Project Description

MTCI’s PulsedEnhanced™ Steam Reforming process
incorporates an indirect heating process for thermo-
chemical steam gasification of coal to produce hydro-

gen-rich, clean, medium-Btu content fuel gas without thb

need for an oxygen plant. Indirect heat transfer is pro-

PulsedEnhanced™ Steam Reforming process because ithe condensation of excess steam (unreacted fluidization
provides a highly efficient and cost-effective heat sourcesteam) quenched in the venturi scrubber and gas quench
Demonstration of the combustor at the 253-resonance- column. All project testing will be performed at the

tube commercial scale is critical to market entry. The  MTCI test facility in Baltimore, Maryland.
253-resonance-tube unit represents a 3.5 scale-up fromProject Status/Accomplishments

previous tests. Testing will seek to verify scale-up criteri%n September 10, 1998, DOE approved revision of

and approplngteness of controls and |nstrur.nentat|on.. ThermoChem, Inc.’s Cooperative Agreement for a scaled-
Also, an existing Process Development Unit (PDU) will . - . .
down project. The original project, awarded in October

ee used to gasify coal feedstock to provide fuel gas data
9 P 9 &1992, was a commercial demonstration facility that

including energy content, species concentration, and yie

vided by immersing multiple resonance-tube pulse com- would employ 10 identical 253-resonance-tube pulse

bustors in a fluidized-bed steam gasification reactor.

166 Project Fact Sheets
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Calendar Year

3 4(1 2 3 41 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4|1 2

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
3 4 1 2 3 4 1 2 3 4 1 2

11/99 7/00

Restructuring complete
3/21/98

Final report 7/00*
Operation complete 2/00*

Operation initiated 11/99*

PDU Gasification data
obtained 6/99*

9/91 10/92 ) .
| Preaward | Design and Construction
T T T A A A T
DOE selected Cooperative agreement Project relocation
project (CCT-IV)  awarded 10/27/92 requested 10/26/94
9/12/91

Design complete 2/15/99

Revised Cooperative
Awarded 9/29/98

*Projected Date

unit, the project went through restructuring. The revised  Although the project will demonstrate mild gasifica-
project will demonstrate a single 253-resonance-tube tion only, the following coal-based applications are
pulse combustor. NEPA requirements were satisfied onenvisioned:

November 30, 1998 with a Categorical Exclusion. The . coal processing for combined-cycle power generation,
first major milestone was completion of the design on
February 15, 1999.

The next major milestone is completion of the coal *
mild gasification data in June 1999 using the existing
PDU. Construction of the combustor unit is scheduled to
be completed in October or November 1999, with operas  Coal processing for production of gas or liquid fuel
tions beginning in November 1999. and char for the steel industry for use in direct reduc-

tion of iron ore,

Coal processing for fuel cell power generation,

Coal pond waste and coal rejects processing to pro-
duce a hydrogen-rich gas from the steam reformer for
use in overfiring or reburning to reduce Nenissions,

Commercial Applications

) .. .= Coal processing for producing compliance fuels,
PulsedEnhanced™ Steam Reforming has application in

many different processes. Coal, with the world production

on the order of four billion tons per year, constitutes the* Co-processing of coal and wastes, and

largest potential feed stock for steam reforming. Other « Coal drying.

potential feedstocks include spent liquor from pulp and In addition, the technology has application for black

paper mills, refused-derived fuel, municipal solid waste, |iquor processing and chemical recovery and for hazard-

sewage sludge, biomass, and other wastes. ous, low-level radioactive, and low-level mixed waste
volume reduction and destruction.

Mild gasification of coal,

Industrial Applications
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Appendix A: CCT Project Contacts

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

Project Contacts James U. Watts, FETC, (412) 892-5991

Listed below are contacts for obtaining further watts@fetc.doe.gov

information about specific CCT Program Confined Zone Dispersion Flue Gas
demonstration projects. Listed are the name, title,  Desulfurization Demonstration
phone number, fax number, mailing address, and Participant:

e-mail address, if available, for the participant’s Bechtel Corporation

contact person. In those instances where the project Contacts:

participant consists of more than one company, a Joseph T. Newman, Project Manager
partnership, or joint venture, the mailing address listed  (415) 768-1189

is that of the contact person. In addition, the names, (415) 768-5420 (fax)

phone numbers, and e-mail addresses for contact Bechtel Corporation

persons at DOE Headquarters and the Federal Energy  P.O. Box 193965

Technology Center are provided. San Francisco, CA 94119-3965

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov
James U. Watts, FETC, (412) 892-5991

Environmental Control Devices watts@fetc.doe.gov
LIFAC Sorbent Injection Desulfurization
SO, Control Technologies Demonstration Project

Participant:

10-MWe Demonstration of Gas Suspension )
LIFAC-North America

Absorption
Participant: Contacts: .
AirPol, Inc. Dan Stap, Project Manager
’ (412) 497-2231
Contacts: (412) 497-2212 (fax)
Niels H. Kastrup _ .
(281) 539-3400 ICF Kaiser Engineers, Inc.
(281) 539-3411 (fax) Gateway View Plaza

nhk@flsmiljous.com 1§OO West Carson Street
Pittsburgh, PA 15219-1031
FLS Miljo, Inc.

100 Glenborough Drive Lawrence Saroff, DOE/HQ, (301) 903-9483
Houston, TX 77067 lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Advanced Flue Gas Desulfurization Demonstration

Project

Participant:
Pure Air on the Lake, L.P.

Contacts:

Tim Roth
(610) 481-6257
(610) 481-2762 (fax)

Pure Air on the Lake, L.P.

c/o Air Products and Chemicals, Inc.
7201 Hamilton Boulevard
Allentown, PA 18195-1501

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Demonstration of Innovative Applications of
Technology for the CT-121 FGD Process

Participant:
Southern Company Services, Inc.

Contacts:

David P. Burford, Project Manager
(205) 992-6329
(205) 992-7535 (fax)
dpburfor@southernco.com

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov
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NO, Control Technologies

Micronized Coal Reburning Demonstration for NO,
Control

Participant:
New York State Electric & Gas Corporation

Contacts:

JimHarvilla
(607)729-8630
(607) 762-8457 (fax)

New York State Electric & Gas Corporation
Corporate Drive—Kirkwood Industrial Park
P.O. Box 5224

Binghamton, NY 13902-5224

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Demonstration of Coal Reburning for Cyclone
Boiler NO, Control

Participant:
The Babcock & Wilcox Company

Contacts:

Dot K. Johnson
(330) 829-7395
(330) 829-7801 (fax)
dot.k.johnson@mcdermott.com

McDermott Technologies
1562 Beeson Street
Alliance, OH 44601

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

John C. McDowell, FETC, (412) 892-6237
mcdowell.fetc.doe.gov
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Full-Scale Demonstration of Low-NQ CellBurner
Retrofit

Participant:
The Babcock & Wilcox Company

Contacts:

Dot K. Johnson
(330) 829-7395
(330) 829-7801 (fax)
dot.k.johnson@mcdermott.com

McDermott Technologies
1562 Beeson Street
Alliance, OH 44601

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Evaluation of Gas Reburning and Low-NQ
Burners on a Wall-Fired Boiler

Participant:
Energy and Environmental Research Corporation

Contacts:

Blair A. Folsom, Senior Vice President
(949) 859-8851, ext. 140
(949) 859-3194 (fax)

Energy and Environmental Research Corporation

18 Mason
Irvine, CA 92618

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov

Demonstration of Selective Catalytic Reduction
Technology for the Control of NO, Emissions from
High-Sulfur-Coal-Fired Boilers

Participant:
Southern Company Services, Inc.

Contacts:

Larry Monroe
(205) 257-7772
(205) 257-5367 (fax)

Southern Company Services, Inc.
P.O. Box 2641
Birmingham, AL 35291-8195

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

180-MWe Demonstration of Advanced
Tangentially-Fired Combustion Techniques for the
Reduction of NO, Emissions from Coal-Fired
Boilers

Participant:
Southern Company Services, Inc.

Contacts:

Larry Monroe
(205) 257-7772
(205) 257-5367 (fax)

Southern Company Services, Inc.
P.O. Box 2641
Birmingham, AL 35291-8195

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov



Demonstration of Advanced Combustion Techniques
foraWall-Fired Boiler

Participant:
Southern Company Services, Inc.

Contacts:

John N. Sorge, Research Engineer
(205) 257-7426
(205) 257-5367 (fax)

Southern Company Services, Inc.
P.O. Box 2641
Birmingham, AL 35291-8195

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James R. Longanbach, FETC, (304) 285-4659
jlonga@fetc.doe.gov

Combined SQ/NO, Control Technologies

Milliken Clean Coal Technology Demonstration
Project

Participant:
New York State Electric & Gas Corporation

Contacts:

Jim Harvilla
(607) 729-8630
(607) 762-8457 (fax)

New York State Electric & Gas Corporation
Corporate Drive—Kirkwood Industrial Park
P.O. Box 5224

Binghamton, NY 13902-5224

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

SNOX™ Flue Gas Cleaning Demonstration Project

Participant:
ABB Environmental Systems

Contacts:

Paul Yosick, Project Manager
(423) 693-7550
(423) 694-5203 (fax)

ABB Environmental Systems
1409 Center Point Boulevard
Knoxville, TN 37932

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

LIMB Demonstration Project Extension and
Coolside Demonstration

Participant:
The Babcock & Wilcox Company

Contacts:

Paul Nolan
(330) 860-1074
(330) 860-2045 (fax)

The Babcock & Wilcox Company
20 South Van Buren Avenue
P.O. Box 351

Barberton, OH 44203-0351

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

John C. McDowell, FETC, (412) 892-6237
mcdowell@fetc.do.gov

SO,-NO,-RoxBox™ Flue Gas Cleanup
Demonstration Project

Participant:
The Babcock & Wilcox Company

Contacts:

Dot K. Johnson
(330) 829-7395
(330) 829-7801 (fax)
dot.k.johnson@mcdermott.com

McDermott Technologies
1562 Beeson Street
Alliance, OH 44601

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hq.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection

Participant:
Energy and Environmental Research Corporation

Contacts:

Blair A. Folsom, Senior Vice President
(949) 859-8851, ext. 140
(949) 859-3194 (fax)

Energy and Environmental Research
Corporation

18 Mason

Irvine, CA 92718

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov
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Integrated Dry NO /SO, Emissions Control System

Participant:
Public Service Company of Colorado

Contacts:

Terry Hunt, Project Manager
(303) 571-7113
(303) 571-7868 (fax)
thunt@ueplaza.com

Utility Engineering
550 15th Street, Suite 800
Denver, CO 80202-4256

Lawrence Saroff, DOE/HQ, (301) 903-9483
lawrence.saroff@hqg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov

Commercial Demonstration of the NOXSO SQ
NO, Removal Flue Gas Cleanup System

Participant:
NOXSO Corporation

Contacts:

Lawrence Saroff DOE/HQ, (301) 903-9483
lawrence.saroff@hg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov
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Advanced Electric Power
Generation

Fluidized-Bed Combustion

Mclintosh Unit 4A PCFB Demonstration Project

Participant:
City of Lakeland, Lakeland Electric

Contacts:

Alfred M. Dodd, Project Manager
(941) 499-6461
(941) 499-6344 (fax)

Lakeland Electric
501 E. Lemon Street
Lakeland, FL 33801-5079

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov

Mclintosh Unit 4B Topped PCFB Demonstration
Project

Participant:
City of Lakeland, Lakeland Electric

Contacts:

Alfred M. Dodd, Project Manager
(941) 499-6461
(941) 499-6344 (fax)

Lakeland Electric
501 E. Lemon Street
Lakeland, FL 33801-5079

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov

JEA Large-Scale CFB Combustion Demonstration
Project

Participant:
JEA

Contacts:

Reece E. Comer, Jr. P.E.
(904) 665-6312
(904) 665-7263 (fax)
comere@jea.com

JEA
21 West Church Street, Tower 10
Jacksonville, FL 32202-3139

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Jerry L. Hebb, FETC, (412) 892-6079
hebb@fetc.doe.gov

Tidd PFBC Demonstration Project

Participant:
American Electric Power Service Corporation as
agent for The Ohio Power Company

Contacts:

Mario Marrocco
(614) 223-2460
(614) 223-3204 (fax)

American Electric Power Service Corporation
1 Riverside Plaza
Columbus, OH 43215

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov



Nucla CFB Demonstration Project

Participant:
Tri-State Generation and Transmission
Association, Inc.

Contacts:

Stuart Bush
(303) 452-6111
(303) 254-6066 (fax)

Tri-State Generation and Transmission
Association, Inc.

P.O. Box 33695

Denver, CO 80233

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Nelson F. Rekos, FETC, (304) 285-4066
nrekos@fetc.doe.gov

Integrated Gasification Combined Cycle

Clean Energy Demonstration Project

Participant:
Clean Energy Partners Limited Partnership

Contacts:

Victor Shellhorse, Vice President
(704) 382-8064
(704) 373-4986 (fax)

Duke Energy Industrial Asset Development
400 S. Tryon Street, Suite 1700
Charlotte, NC 28202

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Douglas M. Jewell, FETC, (304) 285-4720
djewel@fetc.doe.gov

Pifion Pine IGCC Power Project

Participant:
Sierra Pacific Power Company

Contacts:

Jeffrey W. Hill, Director Power Generation
(775) 834-5650
(775) 834-5704 (fax)
jhill@sppc.com

Sierra Pacific Power Company
P.O. Box 10100
Reno, NV 89520-0024

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Donald W. Geiling, FETC, (304) 285-4784
dgeili@fetc.doe.gov

Web Site:
http://www.sierrapacific.com/utilserv/electric/pinon/

Tampa Electric Integrated Gasification Combined-
Cycle Project

Participant:
Tampa Electric Company

Contacts:

Donald E. Pless, Director, Advanced Technology
(813) 228-1111, ext. 46201
(813) 641-5300 (fax)

Tampa Electric Company
P.O. Box 111
Tampa, FL 33601-0111

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

James U. Watts, FETC, (412) 892-5991
watts@fetc.doe.gov

Web Site:
http://ww.teco.net/teco/TEKPIkPwrStn.html

Wabash River Coal Gasification Repowering Project

Participant:
Wabash River Coal Gasification Repowering Project
Joint Venture

Contacts:

Phil Amick, Director of Gasification Development
(713) 767-8667
(713) 767-8515 (fax)
pram@dynergy.com

Dynergy Marketing and Trade
1000 Louisiana St., Suite 5800
Houston, TX 77002

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Leo E. Makovsky, FETC, (412) 892-5814
makovsky@fetc.doe.gov

Advanced Combustion/Heat Engines

Healy Clean Coal Project

Participant:
Alaska Industrial Development and Export Authority

Contacts:

Dennis V. McCrohan, Deputy Director, Project
Development and Operations
(907) 269-3025
(907) 269-3044 (fax)
dmccrohan@aidea.org

Alaska Industrial Development and Export
Authority

480 West Tudor Road

Anchorage, AK 99503-6690

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Robert M. Kornosky, FETC, (412) 892-4521
kornosky@fetc.doe.gov
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Clean Coal Diesel Demonstration Project

Participant:
Arthur D. Little, Inc.

Contacts:

Robert P. Wilson, Vice President
(617) 498-5806
(617) 498-7206 (fax)

Arthur D. Little, Inc.
25 Acorn Park
Cambridge, MA 02140

George Lynch, DOE/HQ, (301) 903-9434
george.lynch@hg.doe.gov

Nelson F. Rekos, FETC, (304) 285-4066
nrekos@fetc.doe.gov

Coal Processing for Clean Fuels

Indirect Liquefaction

Commercial-Scale Demonstration of the Liquid-
Phase Methanol (LPMEOH™) Process

Participant:

Air Products Liquid Phase Conversion Company, L.P.

Contacts:

Edward C. Heydorn, Project Manager
(610) 481-7099
(610) 706-7299 (fax)
heydorec@apci.com

Air Products and Chemicals, Inc.
7201 Hamilton Boulevard
Allentown, PA 18195-1501

Edward Schmetz, DOE/HQ, (301) 903-3931
edward.schmetz@hq.doe.gov

Robert M. Kornosky, FETC, (412) 892-4521
kornosky@fetc.doe.gov
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Coal Preparation Technologies

Advanced Coal Conversion Process Demonstration

Participant:
Rosebud SynCoal Partnership

Contacts:

Ray W. Sheldon, P.E., Director of Development
(406) 252-2277
(406) 252-2090 (fax)

Rosebud SynCoal Partnership
P.O. Box 7137
Billings, MT 59103-7137

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Joseph B. Renk, FETC, (412) 892-6249
renk@fetc.doe.gov

Development of the Coal Quality Expert™

Participants:

ABB Combustion Engineering, Inc., and CQ Inc.

Contacts:

Clark D. Harrison, President
(724) 479-3503
(724) 479-4181

CQInc.
160 Quality Center Rd.
Homer City, PA 15748

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Joseph B. Renk, FETC, (412) 892-6249
renk@fetc.doe.gov

Web Site:
http://www.fuels.bv.com:80/cge/cge.htm

Mild Gasification

ENCOAL ® Mild Coal Gasification Project

Participant:
ENCOAL Corporation

Contacts:

James P. Frederick, Project Director
(307) 686-2720, ext. 27
(307) 686-2894 (fax)
jfrederick@vcn.com

ENCOAL Corporation
P.O. Box 3038
Gillette, WY 82717

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Douglas M. Jewell, FETC, (304) 285-4720
djewel@fetc.doe.gov

Self-Scrubbing Coal™”: An Integrated Approach
to Clean Air

Participant:
Custom Coals International

Contacts:

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Joseph B. Renk, FETC, (412) 892-6249
renk@fetc.doe.gov



Industrial Applications

Blast Furnace Granular-Coal Injection System
Demonstration Project

Participant:
Bethlehem Steel Corporation

Contacts:

Robert W. Bouman, Project Director
(610) 694-6792
(610) 694-2981 (fax)

Bethlehem Steel Corporation
Homer Research Laboratory
Mountain Top Campus
Bethlehem, PA 18016

Douglas Archer, DOE/HQ, (301) 903-9443
douglas.archer@hg.doe.gov

Leo E. Makovsky, FETC, (412) 892-5814
makovsky@fetc.doe.gov

Clean Power from Integrated Coal/Ore Reduction

(CPICOR™)

Participant:
CPICOR™ Management Company, L.L.C.

Contacts:

Reginal Wintrell, Project Director
(801) 227-9214
(801) 227-9198 (fax)

CPICOR™ Management Company, L.L.C.

P.O. Box 2500
Provo, UT 84603

William E. Fernald, DOE/HQ, (301) 903-9448
william.fernald@hqg.doe.gov

Douglas M. Jewell, FETC, (304) 285-4720
djewel@fetc.doe.gov

Advanced Cyclone Combustor with Internal
Sulfur, Nitrogen, and Ash Control

Participant:
Coal Tech Corporation

Contacts:

Bert Zauderer, President
(610) 667-0442
(610) 667-0576 (fax)
coaltechbz@compuserve.com

Coal Tech Corporation
P.O. Box 154
Merion Station, PA 19066

William E. Fernald, DOE/HQ, (301) 903-9448
william.fernald@hq.doe.gov

Arthur L. Baldwin, FETC, (412) 892-6011
baldwin@fetc.doe.gov

Cement Kiln Flue Gas Recovery Scrubber

Participant:
Passamaquoddy Tribe

Contacts:

Thomas N. Tureen, Project Manager
(207) 773-7166
(207) 773-8832 (fax)
ttureen@gwi.com

Passamaquoddy Technology, L.P.
1 Monument Way
Portland, ME 04101

William E. Fernald, DOE/HQ, (301) 903-9448
william.fernald@hqg.doe.gov

John C. McDowell, FETC, (412) 892-6237
mcdowell@fetc.doe.gov

Pulse Combustor Design Qualification Test

Participant:
ThermoChem, Inc.

Contacts:

William G. Steedman, Sr. Systems Engineer
(410) 354-9890
(410) 354-9894 (fax)
tcheminc@aol.com

ThermoChem, Inc.
6001 Chemical Road
Baltimore, MD 21226

William E. Fernald, DOE/HQ, (301) 903-9448
william.fernald@hq.doe.gov

Gary E. Staats, FETC, (412) 892-5741
staats@fetc.doe.gov
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Appendix B: Acronyms, Abbreviations, and
Symbols

Acronyms, Abbreviations, and

Symbols

°C
°F

$
$/kw
$/ton
%

™

ABB CE
ABB ES
ACFB
ADL
AFBC

AFGD
AIDEA

AOFA
APF
ASME

Ass’n.
ATCF
atm
avg.
BFGCI

degrees Celsius

degrees Fahrenheit

dollars (U.S.)

dollars per kilowatt

dollars per ton

percent

registered trademark

trademark

ABB Combustion Engineering, Inc.
ABB Environmental Systems
atmospheric circulating fluidized-bed
Arthur D. Little, Inc.

atmospheric fluidized-bed
combustion

advanced flue gas desulfurization
Alaska Industrial Development and
Export Authority

advanced overfire air

advanced particulate filter
American Society of Mechanical
Engineers

Association

after tax cash flows

atmosphere(s)

average

blast furnace granular-coal injection

Ca(OH)*MgO

CCT Program

British Gas

British Gas/Lurgi

British thermal unit(s)

British thermal units per kilowatt-
hour
The Babcock & Wilcox Company
Clean Air Act Amendments of 1990
calcium carbonate (calcitic
limestone)

calcium oxide (lime)

calcium hydroxide (calcitic
hydrated lime)

dolomitic hydrated lime
calcium/nitrogen

Clean Air Power Initiative
calcium/sulfur

calcium sulfite

calcium sulfate

close-coupled overfire air

clean coal technology

First CCT Program solicitation
Second CCT Program solicitation
Third CCT Program solicitation
Fourth CCT Program solicitation
Fifth CCT Program solicitation

Clean Coal Technology
Demonstration Program
Coal-Derived Liqui@

Council on Environmental Quality
circulating fluidized bed

C/H
CKD
CO

CO,
COoP
CT-121
CQE™
CQIM™
CX
CzD
DER
DME
DOE
DOE/HQ

DSE
DSI

EER

EFCC
EIA
EIS
EIV
EMP
EPA

EPAct
EPRI
ESP

carbon/hydrogen

cement kiln dust

carbon monoxide

carbon dioxide

Conference of Parties

Chiyoda Thoroughbred-121

Coal Quality Expert™

Coal Quality Impact Model™
categorical exclusion

confined zone dispersion
discrete emissions reduction
dimethyl ether

U.S. Department of Energy

U.S. Department of Energy
Headquarters

dust stabilization enhancement
dry sorbent injection
environmental assessment
Energy and Environmental Research
Corporation

externally fired combined cycle
Energy Information Administration
environmental impact statement
Environmental Information Volume
environmental monitoring plan
U.S. Environmental Protection
Agency

Energy Policy Act of 1992
Electric Power Research Institute
electrostatic precipitator
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EWG
ext.
FBC
FCCC

FesS
FERC

FETC
FGD
FONSI
FRP

ft, ft?, ft
FY

gal.
gal/ft
GB

GE
GHG
GNOCIS

gpm
GR
GR-LNB
GR-SI
GSA
GVEA
GW
GWe
H,S
H,SO,
HAP
HCI

HF
HGPFS
HHV

exempt wholesale generator
extension

fluidized-bed combustion
Framework Convention on Climate
Change

pyritic sulfur

Federal Energy Regulatory
Commission

Federal Energy Technology Center
flue gas desulfurization

finding of no significant impact
fiberglass-reinforced plastic
foot (feet), square feet, cubic feet
fiscal year

gallon(s)
gallons per cubic feet

gigabyte(s)

General Electric

greenhouse gases

Generic NOControl Intelligence
System

gallons per minute

gas reburning

gas reburning and low-N®@urner
gas reburning and sorbent injection
gas suspension absorption
Golden Valley Electric Association
gigawatt(s)

gigawatt(s)-electric

hydrogen sulfide
sulfuric acid

hazardous air pollutant

hydrogen chloride

hydrogen fluoride

hot gas particulate filter system
high heating value
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hr.
HRSG
ID

IEA
IGCC

in, in?, in®
JBR

KCI
K,SO,
kw

kWh

Ib.

L/G

LHV
LIMB

LNB
LNCB®
LNCFS
LOI
LPMEOH™
LRCWF
LSFO
MASB
MB
MCFC
MgCOQ,
MgO
Mhz
mills/kwWh
min.

mo.
MTCI

MTF

hour(s)

heat recovery steam generator
Induced Draft

International Energy Agency
integrated gasification combined
cycle

MW
MWe
MWt
N

2

Na/Ca
Na/S

inch(es), square inches, cubic inchesNaOH

Jet Bubbling Reactbr
potassium chloride

potassium sulfate

kilowatt(s)

kilowatt-hour(s)

pound(s)

liqud to gas ratio

low heating value

limestone injection multistage
burner

low-NO, burner

low-NO, cell burner

Low-NQ, Concentric-Firing System
loss on ignition

Liquid phase methanol™
low-rank coal-water-fuel
limestone forced oxidation
multi-annular swirl burner
megabyte(s)

molten carbonate fuel cell
magnesium carbonate
magnesium oxide

megahertz

mills per kilowatt hour
minute(s)

month(s)

Manufacturing and Technology
Conversion International
memorandum (memoranda)-to-file

Na,CO,
NAAQS

NEPA
NH,
N
NO,
NOPR
NO,
NSPS
NTHM

NTIS
NYSEG

OC&PS
o&M

OTAG
OoTC
PC
PCAST

PCFB
PDPF®
PEIA

PEIS

megawatt(s)

megawatt(s)-electric
megawatt(s)-thermal

atmospheric nitrogen
sodium/calcium

sodium/sulfur

sodium hydroxide

sodium carbonate

National Ambient Air Quality
Standards

National Environmental Policy Act
ammonia

Normal cubic meter

nitrogen dioxide

Notice of Proposed Rulemaking
nitrogen oxides

New Source Performance Standards
net tons of hot metal

National Technical Information
Service

New York State Electric & Gas
Corporation

Office of Coal & Power Systems
operating and maintenance

oxygen

Ozone Transport Assessment Group
Ozone Transport Commission
personal computer

Presidential Committee of Advisors
on Science and Technology
pressurized circulating fluidized bed
Process-Derived Fifel

programmatic environmental impact
assessment

programmatic environmental impact
statement



PEOA™ Plant Emission Optimization SBIR Small Business Innovation Research

Advisor™ scf standard cubic feet State Abbreviations
PENELEC Pennsylvania Electric Company  scfm standard cubic feet per minute
PEP progress evaluation plan SCR selective catalytic reduction
PFBC pressurized fluidized-bed SCS Southern Company Services, Inc.  States within the United States are abbreviated using
combustion SFC Synthetic Fuels Corporation two-letter postal codes.
PJBH pulse jet baghouse S-H-U Saarberg-Holter-Umwelttechnik
PM particulate matter SI sorbent injection
PM,, particulate matter less than 10 SIP state implementation plan
microns in diameter SM service mark
PM, particulate matter less than 2.5 SNCR selective noncatalytic reduction
microns in diameter SNRB™ SQ-NO,-Rox Box™
PON program opportunity notice SO, sulfur dioxide
PRB Powder River Basin SO, sulfur trioxide
ppm parts per million (mass) std fé standard cubic feet
ppmv parts per million by volume SOFA separated overfire air
PSCC Public Service Company of Colorado STTR Small Business Technology
PSD Prevention of Significant Transfer Program
Deterioration SVGA super video graphics adapter
psi pound(s) per square inch TAG™ Technical Assessment Guide™
PUHCA Public Utility Holding Company TCLP toxicity characteristics leaching
Act of 1935 procedure
PURPA Public Utility Regulatory Policies TVA Tennessee Valley Authority
Act of 1978 UAF University of Alaska, Fairbanks
QF qualifying facility UARG Utility Air Regulatory Group
RAM random access memory UBCL unburned carbon
R&D research and development UK. United Kingdom
RD&D research, development, and U.S. United States
demonstration VFB vibrating fluidized-bed
REA Rural Electrification Administration  vOC volatile organic compound
RP&L Richmmond Power & Light WC water column
ROD Record of Decision WES wastewater evaporation system
ROM run-of-mine WLFO wet limestone, forced oxidation
rpm revolutions per minute wi. weight
RUS Rural Utility Service yr. year(s)
S sulfur
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Index of CCT Projects and Participants

#

10-MWe Demonstration of Gas Suspension
Absorption 9, 22,24, 28,31, A-1

180-MW Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
NO, Emissions from Coal-Fired Boilers 11,22,25, 68,
71,A-2

A

ABB Combustion Engineering Inc. 9, 23,24, 68, 70,
78, 87,144,145,147, A-6, B-1

ABB Environmental System 22,24,84,87, A-3, B-1

Advanced Coal Conversion Process Demonstration
18, 23, 25, 142, A-6

Advanced Cyclone Combustor with Internal Sulfur
Nitrogen and Ash Control 20, 23, 24, 158, 161,
A-7

Advanced Flue Gas Desulfurization Demonstration
Project 9,22,25,40,43,A-1

Air Products Liquid Phase Conversion Company, L.P.
23, 24, 138, 139, A-6

AirPolInc. 22, 24, 28, 31, A-1

Alaska Industrial Development and Export Authority
23, 24, 132, A5, B-1

Arthur D. Little Inc. 23, 24, 134, A-6, B-1

B Confined Zone Dispersion Flue Gas Desulfurization
_ 2,9,22,24,32,35,A-1
The Babcock & Wilcox Company 22, 24,52,55, 56,
59,88,91,92,95,100,112,132, 144, A-2, A-3, B-1 CPICOR™ Management CompanyL.L.C. 23, 24,156,

A-7
Bechtel Corporation 22, 24, 32, 35, 124, A-1

) CQ Inc. 17, 23,24,135, 144,145,146, 147, A-6
Bethlehem Steel Corporation 19, 23, 24, 154, A-7
o Custom Coals International 17,23, 24,140, A-6
Blast Furnace Granular-Coal Injection System

Demonstration Project 20, 23, 24, 154, A-7 D

C Demonstration of Advanced Combustion Techniques
) foraWall-Fired Boiler 11,22,25,72,A-2
CementKiln Flue Gas Recovery Scrubber 20, 23, 25,
162,165, A-7 Demonstration of Coal Reburning for Cyclone Boiler
: ) 11,22,24,52,55,A-2

City of Lakeland, Lakeland Electric 22,24, 106, 108,
109, A-4 Demonstration of Innovative Applications of

] ) ) Technology forthe CT-121 FGD 9,22, 25, 44, 47,
Clean Coal Diesel Demonstration Project 16, 23,24, 5 q
134,A-6

) ) Demonstration of Selective Catalytic Reduction

Clean Energy Demonstration Project 16, 23, 24,122, Technology for the Control of NEmissions from

AS High-Sulfur-Coal-Fired Boilers 11,22, 25, 64, A-2
Clean Energy Partners Limited Partnership 23, 24, Development of the Coal Quality Expert 147

122,A-5
Development of the Coal Quality Expert™ 18, 23, 24,

Clean Power from Integrated Coal/Ore 20 144. 147 A-6

Clean Power from Integrated Coal/Ore Reduction

(CPICOR™) 23, 24, 156, A-7 E

Coal Tech Corporation 23, 24,158,161, A-7 ENCOAL Corporation 23,24,148,149,150,151, A-6
Commercial Demonstration of the NOXSO 8D, ENCOAL® Mild Coal Gasification Project 18, 23, 24,
Removal 22,25,82,A-4 148,151, A-6

Commercial-Scale Demonstration of the Liquid- Energy and Environmental Research Corporation A-3

Phase 18, 23, 24, 138, A6 Energy and Environmental Research Corporation 22,

24,50,60,62,63,96,99,A-2,A-3,B-1
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Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection 22,24, 96, 99, A-3

Evaluation of Gas Reburning and Low N8urners
on aWall-Fired Boiler 11,22, 24,60, 63, A-2

F

Full-Scale Demonstration of Low-N@ell Burner
Retrofit 11,22, 24,56,59, A-2

H

Healy Clean Coal Project 16, 23, 24, 132, A-5

I

Integrated Dry NQ'SO, Emissions Control System
22, 25, 100, 102,103, A4

J

JEA 22, 24, 110, 111, A-4, B-2

JEA Large-Scale CFB Combustion Demonstration
Project 16,22,24,110,A-4

L

LIFAC Sorbent Injection Desulfurization
Demonstration Project 9,22, 24, 36, 39, A-1

LIFAC—North America 22, 24, 36, 39, A-1

LIMB Demonstration Project Extension and Coolside
22, 24, 88, 91, A-3

M

Mclintosh Unit 4A PCFB Demonstration Project
16, 22, 24, 106,107,108,109,A-4

Mclintosh Unit 4B Topped PCFB Demonstration
Project 16,22, 24, 106, 107,108, A-4

Index-2 Project Fact Sheets

Micronized Coal Reburning Demonstration for NO
Control 11,22,24,50,A-2

Milliken Clean Coal Technology Demonstration
Project 22, 25, 78, 81, A-3
N

New York State Electric & Gas Corporation 11, 22,
24,25,50,78,81,A-2,A-3,B-2

NOXSO Corporation 22, 25, 82, A-4

SNOX™ Flue Gas Cleaning Demonstration Project
22, 24, 84,A-3

Southern Company Services Inc. 22, 25, 44,47, 64,
67,68,71,72,75,A-1,A-2,A-3,B-3

SOx-NOx-RoxBox™ Flue Gas Cleanup
Demonstration Project 22, 24,92, 95, A-3

T
TampaElectric Company 14, 23, 25, 126, A-5

Nucla CFB Demonstration Project 16, 23, 25, 116, 119,Tampa Electric Integrated Gasification Combined-

A-5

@)
Ohio Power Company, The 6,23,25,112,115,A-4

P
Passamaquoddy Tribe 23, 25, 162, 165, A-7

Pifion Pine IGCC Power Project 16, 23, 25, 124,
A-5

Cycle Project 16,23, 25, 126, A-5
ThermoChemnc. 19, 20,23, 25, 166, A-7

Tidd PFBC Demonstration Project 16, 23,25,112,
115,A4

Tri-State Generation and Transmission Association
13,23,25,116,119,A-5

w

Wabash River Coal Gasification Repowering Project

Public Service Company of Colorado 22, 25, 63, 100, 16,23,25,128,A-5

102,103,A-4

Pulse Combustor Design Qualification Test 20, 23,
25,166, A-7

Pure Aironthe Lake L.P. 22, 25, 40, 43, A-1

R

Rosebud SynCoal Partnership 17,18, 23, 25, 142,
143,A-6

S

Self-Scrubbing Coal™: An Integrated Approach to
Clean Air 18,23, 24,140,A-6

Sierra Pacific Power Company 23, 25, 124, 125, A-5
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